AMERICAS CHILDREN
AND THE ENVIRONMENT

THIRD EDITION







=
rr
(@
'L‘//’f
@
ae
=
)
~
Tl
Z

-

23
Z
<<|
A
O
7
g
rm
y4
=

"

* ‘e . -
f"i Ny e SN :
y ~.‘o:*_,'," AP o Q“" <

s *






Foreword

| am pleased to present the U.S. Environmental Protection Agency’s America’s Children and the
Environment, Third Edition. This report marks the important progress we have made as a nation
to reduce environmental risks to children's health.

The report contains good news for children and families including significant improvements in
the quality of the air we breathe, substantial decreases in childhood blood lead levels, and a
steady reduction in children’s exposure to secondhand smoke. We are encouraged by these
findings. We also know that there is still much work to be done, including further research on
the causes of increases in asthma rates, the potential impacts of early life exposures to
chemicals, and disease disparities in minority children and children in low-income families.
America’s Children and the Environment will help focus our efforts in addressing these
challenges and others.

Protecting children’s health is central to the EPA’s mission, and the agency has taken great
strides to improve the environment for children where they live, learn, and play, including:

= Finalizing the Mercury and Air-Toxics Standards Rule to limit mercury and other air toxics
emissions from electric generating utilities. These new standards address the largest
remaining domestic source of mercury emissions to the environment—a well known
neurotoxin in children. The controls put in place by these standards will also avoid 130,000
asthma attacks every year—which disproportionately impact children especially in
underserved communities.

= Updating the National Ambient Air Quality Standard for fine-particle pollution (PM,s) to
improve public health protection. Exposure to PM, 5 can aggravate asthma and lead to
other respiratory symptoms in children.

= Establishment of new National Ambient Air-Quality Standards for nitrogen dioxide (NO,)
and sulfur dioxide (SO,), and a network of monitors to limit near roadway exposures to
NO,. These new standards will limit respiratory-related emergency room visits and hospital
admissions and will improve public health protection, especially for children, the elderly,
and people with asthma.

®m  Supporting cutting-edge research through the Centers for Children’s Environmental
Health and Disease Prevention Research, in partnership with the National Institute of
Environmental Health Sciences, to enhance scientific understanding of the relationships
between environmental contaminants and children’s health.

= Launching new voluntary guidelines that promote environmentally safe siting of schools
and the establishment of school environmental health programs by states.

= Working with other federal agencies to develop and implement the Coordinated Federal
Action Plan to Reduce Racial and Ethnic Asthma Disparities to reduce the disproportionate
impact of asthma on minority and low-income children.

As we move forward, the EPA is committed to continuing the success of our children’s health
efforts. The national indicators presented in this comprehensive report are important for
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informing future research related to children’s health. We will continue to partner with other
federal agencies to develop increasingly reliable information that will help us to further
improve children’s health.

| want to thank the many individuals who contributed to this report for their hard work
and efforts. By monitoring trends, identifying successes, and shedding light on areas of concern,
we can continue to improve the health of our children and all Americans.

Lisa P. Jackson

Administrator
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About this Report

About this Report

What is America's Children and the Environment?

America’s Children and the Environment (ACE) is EPA’s report presenting data on children’s
environmental health. ACE brings together information from a variety of sources to provide
national indicators in the following areas: Environments and Contaminants, Biomonitoring, and
Health. Environments and Contaminants indicators describe conditions in the environment,
such as levels of air pollution. Biomonitoring indicators include contaminants measured in the
bodies of children and women of child-bearing age, such as children’s blood lead levels. Health
indicators report the rates at which selected health outcomes occur among U.S. children, such
as the annual percentage of children who currently have asthma. Accompanying each indicator
is text discussing the relevance of the issue to children’s environmental health and describing
the data used in preparing the indicator. Wherever possible, the indicators are based on data
sources that are updated in a consistent manner, so that indicator values may be compared
over time.

This report is the third edition of ACE (referred to as ACE3); previous editions of ACE were
published in 2000 and 2003. EPA has provided updated indicator values on its website on a
regular basis beginning in 2006, and will provide online updates for the indicators published in
this edition (see www.epa.gov/ace).

What are the purposes of America's Children and the Environment?

America's Children and the Environment has three principal objectives:

m  First, it compiles data from a variety of sources to present concrete, quantifiable indicators
for key factors relevant to the environment and children’s health in the United States.

m  Second, it can inform discussions among policymakers and the public about how to improve
data on children’s health and the environment.

= Third, it includes indicators that can be used by policymakers and the public to track trends
in children's environmental health, and ultimately to help identify and evaluate ways to
minimize environmental impacts on children.

This report is motivated by EPA’s belief that it is valuable to be aware of, and to share with the
public, information on trends in children's environmental health. The purpose of ACE is to
compile information, and make it available to a broad audience, that can help identify areas
that warrant additional attention, potential issues of concern, and persistent problems. Some
of the indicators can also support efforts to evaluate whether past environmental policies and
actions have been effective. EPA hopes that the development and presentation of these
indicators will motivate continuing research, additional data collection, and, when appropriate,
necessary interventions.
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The information in ACE3 is not intended to serve as a definitive basis for planning specific
policies or projects. EPA and other federal agencies rely on a wide range of technical
information to inform their activities on children’s environmental health. Emerging and ongoing
research will help shape these efforts for years to come. The presentation of findings from the
scientific literature in ACE3 is not intended to constitute an authoritative summary or
conclusion on the weight of scientific evidence.

What are children’s environmental health indicators?

For ACE3, an indicator is defined as a quantitative depiction of an aspect of children’s
environmental health that summarizes the underlying data in a relevant, understandable, and
technically appropriate manner. The data may represent measurements of environmental
conditions, of chemicals measured in the bodies of children and women of child-bearing age, or
of the frequency of certain childhood diseases and health outcomes. Federal data on children’s
environmental health issues come from a variety of agencies and are often very detailed and
complex; ACE brings this information together into one report and summarizes the data in
graphics that convey the key information. The ACE indicators generally focus on presenting data
at the national scale in order to meet the three principal objectives described above.

Many indicators in this report provide a time series of data (i.e., a “trend” graph), to evaluate
whether conditions have changed over time. Other indicators provide a “snapshot” that focuses
on data from a single time period. These indicators may depict differences in conditions for
different population groups (defined by race/ethnicity or income), or they may provide data for
different children’s health hazards for a single time period.

The World Health Organization defines environmental health as “all the physical, chemical, and
biological factors external to a person, and all the related factors impacting behaviors. It
encompasses the assessment and control of those environmental factors that can potentially
affect health.”* In concordance with this definition, use of the term “children's environmental
health” in ACE3 refers to external physical, chemical, and biological factors that are known to
affect children's health or may potentially affect children's health. The evidence of a
relationship between environmental exposure and children’s health continues to evolve for
many of the indicators presented in this report. Inclusion of an indicator in this report does not
necessarily imply a known relationship between environmental exposure and children’s health
effect. EPA aims to develop increasingly informative indicators of children’s environmental
health as more data become available to reduce these uncertainties.

The ACE3 indicators are intended to be easy to understand and to cover a broad range of
topics. More extensive analyses are available for most of the datasets featured by ACE3
indicators; links to the associated studies and reports will be provided on the ACE website.

Although the ACE3 indicators focus on national statistics, environmental exposures and health
may vary significantly across communities. Patterns of environmental exposure may vary due to
the nature and extent of pollutants found in each community. Patterns of health may vary
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across communities due to demographic and socioeconomic characteristics. Links to online
resources with community-level information will be provided on the ACE website.

Why did EPA focus on indicators for children?

Under Executive Order 13045, EPA and other federal agencies are directed to “make it a high
priority to identify and assess environmental health risks and safety risks that may
disproportionately affect children.”? Environmental contaminants can affect children quite
differently than adults, both because children may be more highly exposed to contaminants,
and because they are often more vulnerable to the toxic effects of contaminants.

Children generally eat more food, drink more water, and breathe more air relative to their size
than adults do, and consequently may be exposed to relatively higher amounts of
environmental chemicals. Children’s normal activities, such as putting their hands in their
mouths or playing on the ground, can result in exposures to chemicals that adults do not face.
In addition, some environmental contaminants may affect children disproportionately because
their bodies are not fully developed and their growing organs can be more easily harmed.

How is America's Children and the Environment organized?

After this introduction, ACE3 features four main sections: Environments and Contaminants,
Biomonitoring, Health, and Supplementary Topics. Each section presents information on a series
of children’s environmental health topics, and at least one indicator is provided for each topic.

The Environments and Contaminants section presents information on chemicals and pollutants
in environmental media to which children are commonly exposed (through air, drinking water,
and food), along with other important aspects of children’s environments. Topics addressed in
the Environments and Contaminants section include criteria air pollutants, hazardous air
pollutants, indoor environments, drinking water contaminants, chemicals in food,
contaminated lands, and climate change.

The Biomonitoring section presents information on selected chemicals measured in the blood
and urine of children and women of child-bearing age. Biomonitoring indicators for women
ages 16 to 49 years are included based on concern for potential adverse health effects in
children born to women who have been exposed to certain chemicals. Topics addressed in the
Biomonitoring section include lead, mercury, cotinine (a marker for exposure to environmental
tobacco smoke), perfluorochemicals (PFCs), polychlorinated biphenyls (PCBs), polybrominated
diphenyl ethers (PBDEs), phthalates, bisphenol A (BPA), and perchlorate.

The Health section presents information on diseases, conditions, and outcomes that may be
influenced by environmental exposures. Many factors contribute to children’s health, including
genetic inheritance, nutrition, and exercise, among others. The adverse health consequences of
some environmental exposures may occur through interactions with other risk factors, and it is
often difficult to determine the extent to which the environment (or any other factor)
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contributes to children’s health outcomes of concern. Topics addressed in the Health section
include respiratory diseases, childhood cancer, neurodevelopmental disorders, obesity, and
adverse birth outcomes.

The Supplementary Topics section presents topics for which adequate national data are not
available, but for which more targeted data collection efforts could be used to provide
measures illustrating additional children’s environmental health issues of interest. Data sets
used for these measures are representative of particular locations (such as a single state)
and/or were surveys conducted a single time rather than on a continuing or periodic basis.
Since these data sets are lacking in certain key elements desirable for ACE3 indicators, data
presentations for the Supplementary Topics are referred to as “measures” rather than
“indicators.” Topics addressed in this section include birth defects in Texas and contaminants in
schools and child care facilities.

How were the topics and indicators in the third edition of America's Children
and the Environment selected?

In choosing indicators for ACE3, EPA considered a variety of factors, including public interest,
magnitude of prevalence and/or trend in prevalence, extent of exposure, severity of health
outcome, past EPA actions to address the issue, and research findings indicating or suggesting
that an environmental exposure may contribute to a children's health outcome. ACE3 includes
topics for which scientific evidence is sufficient to conclude there is a causal relationship
between exposure and health effects, as well as topics for which there is less extensive
scientific evidence. Inclusion of a topic in ACE3, therefore, does not imply that a cause-effect
determination has been made.'

ACE3 includes updates and revisions to topics and indicators included in the 2003 ACE report, as
well as new topics and indicators developed for this edition. Although ACE3 addresses a
substantially expanded set of children’s environmental health topics compared with the 2003
edition of this report, it is not intended to be inclusive of all children’s environmental health issues.

The selection of topics involved generating a list of children’s environmental health issues of
potential interest, evaluating availability of suitable databases relevant to those topics, and
considering indicators that might be derived from those databases. EPA obtained input from
members of EPA’s Children’s Health Protection Advisory Committee (CHPAC) on each stage of
this process, including input on the ultimate selection of topics and indicators presented in
ACE3.>* Independent external peer reviewers provided their opinions to EPA regarding the
suitability of the indicators and other information provided for each topic. EPA revised the
report based on the peer review comments, and comments received from the public.

'See “What is known about the role of the environment in contributing to adverse children’s health outcomes?”
below for more information.
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Selection of a topic for inclusion in ACE depended, in part, on whether data appropriate for
indicator development were available. Available databases were considered in the context of
the following:

®=  Relevance to the topic of interest.

= Degree to which scientifically sound data collection methodologies and quality assurance
procedures were used.

= Availability of data documentation.

= Availability of raw data (individual measurements or survey responses).

= Degree to which the database can be used to characterize national patterns.

= Ongoing (continuous or periodic) data collection, with relatively recent data available.

= Comparability of target population, sample selection, and data collection methods across
time.

= Ability to stratify data by race/ethnicity, income, and location (region, state, county, or
other geographic unit).

The suitability of each database was determined through an overall weighing of these
considerations. Some databases ranked comparatively better than others with respect to each
of these considerations. For example, some databases contain the results of nationally
representative surveys that cannot be stratified geographically but are excellent in other
respects; inability to extract statistics for regions, states, or other geographic divisions does not
preclude the use of these databases in ACE3. Similarly, some monitoring data sets are not
explicitly designed to be nationally representative; however, they may still be informative as
long as their limitations are understood.

ACE3 presents one or more indicators to illustrate status and/or trends for each selected topic
with a suitable database. In some cases, a topic is represented with multiple indicators that
portray different aspects of the underlying data or make use of different types of data.

Considerations that EPA used in developing specific indicators from each selected database
include some of the same factors used in selecting the database, as well as others, including:

= Utility of the indicator for portraying some aspect of children’s environmental health.
m  Sensitivity to changes in the condition of interest.

m  Robustness (unaffected by changes in factors not relevant to the condition of interest).
m  Degree to which the indicator offers an appropriate summary of the underlying data.

= Ability to be presented as population-based statistic (for example, the indicator takes the
form of “percentage of children affected,” or as defined points in the population.
distribution of values, such as medians), particularly a national population-based statistic.

= Clarity.
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Indicators that do not satisfy all considerations may still be considered suitable; for example,
some indicators may lack data for presenting a trend over a number of years, but present useful
information for some relatively recent time period (a single year or set of years). To help guide
reader evaluations, text boxes are provided that summarize the characteristics of the data used
for each indicator.

What are the sources of data for the indicators in America's Children and the
Environment?

Federal agencies provided the data for most of the indicators. Data for the Environments and
Contaminants indicators are generally from data systems maintained by EPA and by state
environmental agencies. Data on indoor lead hazards are from surveys conducted by the U.S.
Department of Housing and Urban Development. Pesticide residue data are from the Pesticide
Data Program of the U.S. Department of Agriculture. Health and biomonitoring data are from
the National Center for Health Statistics in the Centers for Disease Control and Prevention.
Cancer data are from the National Cancer Institute. Child population data from the Census
Bureau were used for calculations in several of the Environments and Contaminants indicators.

Data for the Supplementary Topics measures are from more targeted data collection efforts
that illustrate some aspect of a children’s environmental health issue of interest in the absence
of a more comprehensive data source. Childcare facility measures are derived from a national
study, and a study performed in North Carolina and Ohio. For schools, a measure on indoor
pesticide application is derived from data reported by California schools and collected by the
California Department of Pesticide Regulation. The data on birth defects are from the Texas
birth defects monitoring program. Data from individual states are not intended to describe
national conditions or conditions in other states.

What years are included in the America’s Children and the Environment
indicators?

ACE3 aims to include indicators that present trends over at least the past 10 years; however, for
some indicators, data are not available for this length of time. When sufficient data are not
available to show changes over time, indicators present the most current data available,
frequently focusing the presentation on demographic comparisons of race/ethnicity and
income. Some topics include both a trend indicator and a separate indicator with demographic
comparisons using current data.

All ACE3 indicators incorporate the most current data that were available at the time of analysis.
For some indicators, additional data were released prior to the publication of ACE3. Newer data
will be incorporated for the indicator updates provided online at www.epa.gov/ace.
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What groups of children are included in the America's Children and the
Environment indicators?

Census Bureau data indicate that there were 74.2 million children ages 17 years and younger in
the United States in 2010. The age range used for each indicator depends on data availability
and the nature of the topic being addressed. Each indicator clearly identifies the age range in
the title of the figure.

ACE3 presents (where possible) indicators for groups of children of different races and
ethnicities and for children living in households with various levels of income. In some cases,
these breakouts by race/ethnicity and family income are shown in the graphs, while in other
cases they are included in the data tables.

The specific race/ethnicity categories used for each indicator depend on the underlying data
source, and are further discussed in the introduction to each section of the report.

Many of the indicators also provide separate indicator values for children living in homes with
family income below the poverty level (shown in graphs and tables as < Poverty) and those in
homes at or above the poverty level (> Poverty). “Poverty level” is defined by the federal
government and is based on income thresholds that vary by family size and composition. In
2010, for example, the poverty threshold was $22,113 for a household with two adults and two
related children.” Based on this federal definition, 22% of children were living below poverty
level in 2010, an increase from 18% of children in 2007.°

Why does America’s Children and the Environment compare indicator values
by race/ethnicity and income?

Under Executive Order 12898,” EPA (along with other federal agencies) is directed to “make
achieving environmental justice part of its mission by identifying and addressing, as
appropriate, disproportionately high and adverse human health or environmental effects of its
programs, policies, and activities on minority populations and low-income populations.”
Comparing indicator values across these demographic groups helps identify differences in the
distributions of exposures and health outcomes, which are factors in investigating the potential
for disproportionate impacts.

Comparing indicator values by demographic groups is also in keeping with the goals of Healthy
People 2020, the federal government’s program of objectives for improving the health of all
Americans. Among the overarching goals of Healthy People 2020 are to “achieve health equity,
eliminate disparities, and improve the health of all groups” and to “create social and physical
environments that promote good health for all.”® Healthy People 2020 defines a health
disparity as “a particular type of health difference that is closely linked with social, economic,
and/or environmental disadvantage. Health disparities adversely affect groups of people who
have systematically experienced greater obstacles to health based on their racial or ethnic
group; religion; socioeconomic status; gender; age; mental health; cognitive, sensory, or
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physical disability; sexual orientation or gender identity; geographic location; or other
characteristics historically linked to discrimination or exclusion.”’ Presentation of ACE indicator
values by race/ethnicity and income groups provides information useful for investigating
possible health disparities and possible environmental contributors to health disparities.
Additionally, EPA's regulations implementing Title VI of the Civil Rights Act state, in part, “No
person shall be excluded from participation in, be denied the benefits of, or be subjected to
discrimination under any program or activity receiving EPA assistance on the basis of race,
color, [or] national origin” (40 C.F.R. 7.30). Where comparison data are available on a state-
specific basis, it may help EPA and its assistance recipients (for example, state environmental
agencies) assess whether discriminatory impacts are occurring.

What information is presented for each topic and indicator?

Presentation of each topic includes a discussion of the scope of the issue and a brief snapshot
of the relevant scientific literature regarding associations between exposures and health
effects. If an authoritative source has published conclusions regarding the strength of evidence
relevant to the topic, such as a determination of a cause-effect relationship between exposure
and outcome, these findings are summarized. In the absence of such a source, the discussion
describes selected literature and highlights significant sources of uncertainty, but this review
should not be considered either an evaluation of the available literature or a statement
regarding the strength of the evidence.

This is followed by an explanation of the indicator chosen to represent the topic, including a
discussion of the data source, a description of the data provided in the indicator, and
information to aid in interpreting the indicator, including data limitations.

Following this background text, one or more indicators are provided. Each indicator is
presented in a figure. A text box is provided to help readers understand the characteristics of
the data displayed. Bullet points that highlight key data points from the indicator are included.

Appendices to the report provide data tables for each indicator. Detailed explanations of the
methods for calculating each indicator are provided in the online materials available at
www.epa.gov/ace.

What is known about the role of environmental exposures in contributing to
adverse children’s health outcomes?

Some environmental exposures have a well-established cause-effect relationship with
children’s health, such as effects of lead exposure on childhood 1Q and effects of certain air
pollutants on respiratory outcomes. For some other environmental exposures, there is
evidence suggestive of a relationship to children’s health outcomes but not enough evidence to
conclude the existence of a cause-effect relationship; and for many other environmental
exposures there is very little information on potential health consequences of the exposure
levels typically experienced by children in the United States. Furthermore, for many of the
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children’s health effects discussed in this report, our scientific knowledge regarding causes is
somewhat limited.

A major focus of environmental health research is to expand our understanding of the possible
role of environmental contaminant exposures, as well as other environmental risk factors, in
childhood diseases and disorders. Research is increasingly pointing to interactions of genetic
factors and environmental factors as critical to the process for most diseases.

Even when a clear relationship between exposure to a particular hazardous environmental
contaminant or factor has been documented, some children will have worse outcomes and
others will be unaffected or have outcomes that are less severe. Exposure characteristics—such
as the length of exposure, the magnitude of the exposure, the route of exposure and the
developmental stage when a child is exposed—explain much of the variation in outcome.
However, genetic variability in the population can mean that individuals vary greatly in how
their body metabolizes a chemical and in their susceptibility to diseases that may result from an
environmental exposure. In addition, variability in concurrent or prior exposures to other
environmental contaminants and to non-chemical stressors can also lead to substantial
variability of outcomes within an exposed population.®

A child’s genetic inheritance can often play an important role in disease. However, as scientific
methods for examining the role of genetics in disease have advanced, it has become clear that
much of human chronic disease cannot be explained by genetic factors alone, and that
environmental factors (broadly defined to include nutrition, exercise, exposures to
environmental contaminants, and other factors) and their interactions with genetic factors also
play an important role in chronic disease. '™

The effects of an environmental exposure on children’s health often depend on the
developmental stage at which the exposure occurs. Different organ systems in a child’s body go
through critical developmental stages at different times, from conception through the entire
period of fetal development, in infancy and early childhood, and continuing through
adolescence. Some chemical exposures can result in adverse effects if they occur during a
particular critical window, and may have different effects or no effect at all when occurring at a
different stage of development.14 For this reason, even some environmental exposures to
adults can be important for children’s health, as research has found that the prenatal period is
the most sensitive developmental stage for adverse effects of some chemicals.” In some cases,
the effects of a harmful exposure may not become evident until many years later; exposure
during early developmental stages may even contribute to the onset of chronic diseases in
adulthood.”™
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What types of scientific studies provide evidence about the potential
relationships between environmental exposures and children’s health
outcomes?

Developing conclusive evidence that environmental factors cause or contribute to the incidence
of childhood health effects is difficult. Many health outcomes are hypothesized to be multi-
factorial, with contributions from genetics, underlying health conditions, and lifestyle, as well as
the social and physical environment. Scientific evidence linking the environment to health
outcomes consists primarily of laboratory assays, experimental studies in animals, and
epidemiological studies in humans. Each of these methods has limitations, but together they
can provide complementary evidence in assessing how exposures can influence the
development of health outcomes.

A major advantage of animal studies is that they are controlled experiments in which exposures
are imposed upon the study subjects and all other variables are held constant. In many cases,
animals can provide good models of human physiological systems and thus indicate how
humans might respond to exposures. However, it is not always straightforward to interpret
findings of animal studies and their meaning or importance for human health. Furthermore,
animal studies are often conducted using exposure levels much greater than those typically
experienced by humans, and some uncertainty exists as to whether the same effects would be
seen at lower exposure levels.

In contrast, observational epidemiological studies are advantageous because they evaluate the
relationship between environmental conditions and health outcomes in exposed human
populations. Since this type of study is not a controlled experiment, there may be factors
related to both the exposure and the health effect in the study population that can create false
associations, or mask true associations, between the exposure and the health effect.
Observational epidemiological studies provide the strongest evidence when they have been
replicated in multiple populations to minimize the likelihood that an association between
exposure and health outcomes occurred due to something other than a true causal
relationship.

Some epidemiological studies are conducted in samples of the U.S. general population, orin
other countries with similar exposure levels, and thus reflect exposures that occur on a routine
basis. Sometimes studies in the United States or in other countries may be focused on
communities that experience higher exposure levels than the rest of the country; these studies
would be considered to have greater-than-average exposures but are still within the range of
exposures occurring in the United States. In other cases, exposures in epidemiological studies
are conducted in populations with substantially higher exposure, such as workers exposed to
chemicals on the job, populations in other countries that have higher levels of pollution,
residents of communities where disasters or accidental poisoning incidents have occurred, or
populations in the United States or other industrialized countries before environmental
protection efforts to reduce exposure occurred. In such cases, some uncertainty exists as to
whether the same effects would be seen at lower exposure levels observed today.
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An important additional consideration is the extent to which toxicological or epidemiological
studies are available for environmental contaminants and chemicals in commerce. For many
environmental exposures of interest, the epidemiological research is very limited and there are
significant gaps in the available animal testing data.

How are the findings of scientific studies regarding children’s health and the
environment represented in America’s Children and the Environment?

The level of knowledge regarding the relationship between environmental exposures and
health outcomes varies widely among the topics presented in this report. Some associations
between contaminants and health outcomes are supported by a large body of consistent
evidence from rigorously designed and conducted studies. In other cases, research findings may
suggest reason for potential concern but may not be sufficient to draw conclusions regarding
the nature or strength of the relationship between an environmental contaminant exposure
and a children’s health outcome.

Where available, ACE3 relies on authoritative reviews of the scientific literature and reports
their conclusions regarding the strength of the evidence for a causal role of specific
environmental factors in the development of childhood diseases and disorders. Examples of
authoritative sources are the National Research Council, the Institute of Medicine, and the
National Toxicology Program.” When such reviews are unavailable, selected findings from the
epidemiological literature that address the potential role of environmental factors in
contributing to an effect are summarized. Literature on animal studies is discussed in certain
cases when epidemiological data are lacking. These reviews of scientific information are
intended to summarize the concerns that have led to inclusion of the topic in this report. The
literature summaries are not intended as reviews of the literature determining the strength of
the evidence, which is an undertaking beyond the scope of this report.

How are children’s environmental health indicators different from
epidemiological research?

The presentation of children’s environmental health indicators in ACE3 is intended to
highlight issues of interest, describe indicator values over time, and describe indicator values
for different demographic groups. However, the indicators themselves are not intended as a
basis for reaching conclusions that an environmental factor is or is not related to a particular
children’s health outcome. Comparison of trends in Health indicators to trends in
Environments and Contaminants or Biomonitoring indicators may suggest hypotheses for
further research, but their presentation here cannot be used to conclude that a causal

" The National Research Council and the Institute of Medicine are private, nonprofit institutions that provide expert
advice on science and health matters. The National Toxicology Program, part of the U.S. Department of Health and
Human Services, provides evaluations of substances of public health concern.
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relationship may or may not exist. Indicators cannot account for the multiple factors that
should inform these judgments.

Epidemiological studies can be designed that consider both individual-level or community-
level exposures (or surrogates for exposures) and outcomes within the same population,
along with other factors such as the timing of exposure relative to the timing of outcome,
related variables that could influence the health outcome, and appropriate statistical models
of a hypothesized relationship.

ACE3 indicators do not incorporate these factors, and thus are not intended as a basis for
conclusions about associations between exposures and outcomes. Rather, the value of
indicators is in their ability to reveal trends (or absence of trends) and variations (or lack of
variation) within the population, which can then be used to identify areas for closer review.
Since they are based on ongoing data collection programs, the indicators can be updated
regularly and can be used to alert policy makers and the public when unexpected patterns
emerge from new data, or to provide an indication of whether recently adopted exposure
reduction interventions and actions are having an impact.

What is the difference between this report and an EPA risk assessment?

Human health risk assessment is the process used to estimate the nature and probability of
adverse health effects in populations who may be exposed to chemicals. A risk assessment
typically focuses in depth on a particular environmental contaminant to identify potential
adverse health outcomes, likely exposure pathways, the estimated magnitude of exposure,
and the likelihood of health outcomes occurring at different levels of exposure experienced
by a population.

The indicators in this report do not constitute a risk assessment. The indicators present
observed data on status and trends in environmental conditions, biomonitoring, and health
outcomes; they do not attempt to provide the information relating exposures and outcomes
provided in a risk assessment. The scope of a risk assessment involves a much more detailed
examination of the health effects literature and of exposure data, including estimation of the
relationship between particular levels of exposure and potential outcomes. The indicators in
this report should not be construed to indicate the level of risk to children’s health from
exposures to environmental contaminants.

More information about risk assessment may be found at EPA’s Risk Assessment Portal at
http://www.epa.gov/risk_assessment/.
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Key Findings

These Key Findings summarize the observations obtained from each of the indicators presented
in this report. Statistically significant trends or differences are identified by the terms “increase,”
“decrease,” “higher,” or “lower.” Please see the body of the report for background helpful in
understanding and interpreting each of these findings, including definitions, descriptions of data
sets, and summaries of relevant scientific findings. The years for which data are available varies
across the indicators.

The evidence of a relationship between environmental exposure and children’s health continues
to evolve for many of the indicators presented in this report. Inclusion of an indicator in this
report does not necessarily imply a known relationship between environmental exposure and
children’s health effect.

Environments and Contaminants

Criteria Air Pollutants

= From 1999 to 2009, the proportion of children living in counties with measured pollutant
concentrations above the levels of one or more national ambient air quality standards
decreased from 75% to 59%. This includes both concentrations above the level of any
current short-term standard at least once during the year as well as average concentrations
above the level of any current long-term standards.

® |n 2009, 6% of children lived in counties with measured ozone concentrations above the
level of the 8-hour ozone standard on more than 25 days. An additional 3% of children lived
in counties with measured concentrations above the level of the ozone standard between
11 and 25 days, and 12% of children lived in counties where concentrations were above the
level of the standard between 4 and 10 days.

® |n 2009, 1% of children lived in counties with measured fine particle (PM,s) concentrations
above the level of the 24-hour PM, s standard on more than 25 days. An additional 2% of
children lived in counties with measured concentrations above the level of this standard
between 11 and 25 days, and 1% of children lived in counties with measured concentrations
above the level of the 24-hour PM, s standard between 8 and 10 days.

®m  Based on categories from EPA’s Air Quality Index, the percentage of children’s days that
were designated as having “unhealthy” air quality decreased from 9% in 1999 to 3% in
2009. The percentage of children’s days with “good” air quality increased from 41% in 1999
to 57% in 2009. The percentage of children’s days with “moderate” air quality was
approximately constant at 21-23% from 1999 to 2007, and then decreased to 16% in 2009.

Hazardous Air Pollutants

®m  |n 2005, nearly all children (99.9%) lived in census tracts in which hazardous air pollutant
(HAP) concentrations combined to exceed the 1-in-100,000 cancer risk benchmark. Seven
percent of children lived in census tracts in which HAPs combined to exceed the 1-in-10,000
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cancer risk benchmark. Fifty-six percent of children lived in census tracts in which at least
one HAP exceeded the benchmark for health effects other than cancer.

Indoor Environments

In 2010, 6% of children ages 0 to 6 years lived in homes where someone smoked regularly,
compared with 27% in 1994.

In 2005-2006, 15% of children ages 0 to 5 years lived in homes with either an interior lead
dust hazard or an interior deteriorated lead-based paint hazard, compared with 22% in
1998-1999.

Drinking Water Contaminants

The estimated percentage of children served by community drinking water systems that did
not meet all applicable health-based standards was 19% in 1993 and about 5% in 2001.
Since 2002, this percentage has fluctuated between 7% and 13%, with the most recent
estimate being 7% in 2009.

Between 1993 and 2009, the estimated percentage of children served by community water
systems that had at least one monitoring and reporting violation fluctuated between about
11% and 23%, and was 13% in 2009.

Chemicals in Food

In 1999, 81% of sampled apples had detectable organophosphate pesticide residues, and in
2009, 35% had detectable residues. In 2000, 10% of sampled carrots had detectable
organophosphate pesticide residues, and in 2007, 5% had detectable residues. In 2000, 21%
of sampled grapes had detectable organophosphate pesticide residues, and in 2009, 8% had
detectable residues. In 1998, 37% of sampled tomatoes had detectable organophosphate
pesticide residues, and in 2008, 9% had detectable residues.

Contaminated Lands

As of 2009, approximately 6% of all children in the United States lived within one mile of a
Corrective Action or Superfund site that may not have had all human health protective
measures in place.

Approximately 21% of all children living within one mile of a Corrective Action or Superfund
site that may not have had all human health protective measures in place were Black, while
15% of children in the United States as a whole are Black.

Biomonitoring

Lead

The median concentration of lead in the blood of children between the ages of 1 and 5
years dropped from 15 micrograms per deciliter (ug/dL) in 1976—-1980 to 1.2 pg/dL in 2009—
2010, a decrease of 92%. At the 95™ percentile, blood lead levels dropped from 29 pg/dL in
1976-1980 to 3.4 pg/dL in 2009-2010, a decrease of 88%.
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®  The median blood lead level in Black non-Hispanic children ages 1 to 5 years in 2007-2010
was 1.6 ug/dL, higher than the level of 1.2 pg/dL in White non-Hispanic children, Mexican-
American children, and children of “All Other Races/Ethnicities.”

Mercury

®  The median concentration of total mercury in the blood of women ages 16 to 49 years has
shown little change between 1999-2000 and 2009-2010, and was 0.8 micrograms per liter
(ug/L) in 2009-2010.

= Among women in the 95" percentile of exposure, the concentration of total mercury in
blood decreased from 7.4 pg/L in 1999-2000 to 3.7 pg/L in 2001-2002. From 2001-2002 to
2009-2010, the 95" percentile of total blood mercury remained between 3.7 and 4.5 pg/L.

Cotinine

®  The median level of cotinine (a marker of exposure to environmental tobacco smoke)
measured in blood serum of nonsmoking children ages 3 to 17 years dropped from 0.25
nanograms per milliliter (ng/mL) in 1988-1991 to 0.03 ng/mL in 2009-2010, a decrease of
88%. Cotinine values at the 95" percentile decreased by 34% from 1988-1991 to 2009-2010.

= The median level of cotinine measured in blood serum of nonsmoking women ages 16 to 49
years dropped from 3.2 ng/mL in 1988-1991 to 2.1 ng/mL in 2009-2010, a decrease of 86%.
Cotinine values at the 95 percentile decreased by 35% from 1988-1991 to 2009-2010.

Perfluorochemicals (PFCs)

m  Between 1999-2000 and 2007-2008, median blood serum levels of perfluorooctane
sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) in women ages 16 to 49 years
showed a decreasing trend; median levels of perfluorononanoic acid (PFNA) showed an
increasing trend; and median levels of perfluorohexane sulfonic acid (PFHxS) remained
relatively constant over time.

Polychlorinated Biphenyls (PCBs)

= |n 2001-2004, the median level of polychlorinated biphenyls (PCBs), summing together four
selected PCBs, in blood serum of women ages 16 to 49 years was 30 nanograms per gram
(ng/g) lipid. Data are not yet available for comparing these PCB levels over time.

Polybrominated Diphenyl Ethers (PBDEs)

®  The median concentration of polybrominated diphenyl ethers (PBDEs) in blood serum of
women ages 16 to 49 years was 44 ng/g lipid in 2003—-2004. Data are not yet available for
comparing these PBDE levels over time.

Phthalates

= From 2001-2002 to 2007-2008, the median level of di-2-ethylhexyl phthalate (DEHP)
metabolites in urine of women ages 16 to 49 years varied between 41 pg/L and 51 pg/L, and
was 51 pg/L in 2007-2008. From 1999-2000 to 2007—-2008, the median level of dibutyl
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phthalate (DBP) metabolites in women ages 16 to 49 years varied between 27 pg/L and 36
ug/L, and was 36 pg/L in 2007-2008. From 1999-2000 to 2007—2008, the median level of
butyl benzyl phthalate (BBzP) metabolites in women ages 16 to 49 years varied between 10
ug/L and 14 pg/L, and was 12 pg/L in 2007-2008.

®  From 2001-2002 to 2007-2008, the median level of DEHP metabolites in urine of children
ages 6 to 17 years varied between 45 pg/L and 62 pg/L, and was 45 pg/L in 2007-2008.
From 1999-2000 to 2007—-2008, the median level of DBP metabolites in children ages 6 to
17 years varied between 36 pg/L and 42 pg/L, and was 41 ug/L in 2007-2008. The median
level of BBzP metabolite in children ages 6 to 17 years decreased from 25 pg/L in 1999—
2000 to 16 pg/L in 2007-2008.

Bisphenol A (BPA)

= From 2003-2004 to 2009-2010, the median concentration of bisphenol A (BPA) in urine
among women ages 16 to 49 years varied between 2 pg/L and 3 pg/L. From 2003—-2004 to
2009-2010, the concentration of BPA in urine at the 95" percentile varied between 10 pug/L
and 16 pg/L, and was 10 pg/L in 2009-2010.

=  Among children ages 6 to 17 years the median concentration of BPA in urine decreased
from 4 pug/L in 2003—-2004 to 2 ug/L in 2009—-2010. The concentrations of BPA in urine at the
95" percentile decreased from 16 pg/L in 2003-2004 to 10 pg/L 2009-2010.

Perchlorate

= From 2001-2002 to 2007-2008, the median level of perchlorate in urine among women
ages 16 to 49 years was 3 pg/L with little variation over time. Over the same period, the 95
percentile varied between 13 and 17 pg/L.

Health

Respiratory Diseases

m  The proportion of children reported to currently have asthma has increased from 8.7% in
2001 t0 9.4% in 2010.

®  |n 2007-2010, the percentages of Black non-Hispanic children and children of “All Other
Races” reported to currently have asthma, 16.0% and 12.4% respectively, were greater than
for White non-Hispanic children (8.2%), Hispanic children (7.9%), and Asian non-Hispanic
children (6.8%).

m  The rate of emergency room visits for asthma decreased from 114 visits per 10,000 children
in 1996 to 103 visits per 10,000 children in 2008. Between 1996 and 2008, hospitalizations

for asthma and for all other respiratory causes decreased from 90 hospitalizations per
10,000 children to 56 hospitalizations per 10,000 children.
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Childhood Cancer

®=  The age-adjusted annual incidence of cancer increased from 1992—-2009. The incidence
ranged from 153 to 161 cases per million children between 1992 and 1994 and from 172 to
175 cases per million children between 2007 and 2009.

®=  Childhood cancer mortality has decreased from 33 deaths per million children in 1992 to 24
deaths per million children in 2009.

®=  Leukemia was the most common cancer diagnosis for children from 2004—-2006,
representing 28% of total cancer cases. Incidence of acute lymphoblastic (lymphocytic)
leukemia increased from 30 cases per million in 1992-1994 to 35 cases per million in 2004—
2006. The rate of acute myeloid (myelogenous) leukemia was 7 cases per million in 1992—
1994 and 9 cases per million in 2004-2006.

Neurodevelopmental Disorders

®  From 1997 to 2010, the proportion of children ages 5 to 17 years reported to have ever
been diagnosed with attention-deficit/hyperactivity disorder (ADHD) increased from 6.3%
t0 9.5%.

® In 2010, 8.6% of children ages 5 to 17 years had ever been diagnosed with a learning
disability. There was little change in this percentage between 1997 and 2010.

m  The percentage of children ages 5 to 17 years reported to have ever been diagnosed with
autism increased from 0.1% in 1997 to 1.0% in 2010.

®  |n 2010, 0.7% of children ages 5 to 17 years were reported to have ever been diagnosed
with intellectual disability (mental retardation). There was little change in this percentage
between 1997 and 2010.

Obesity

= Between 1976-1980 and 2007-2008, the percentage of children identified as obese showed
an increasing trend. In 1976—1980, 5% of children ages 2 to 17 years were obese. This
percentage reached a high of 17% in 2007-2008. Between 1999-2000 and 2007-2008, the
percentage of children identified as obese remained between 15% and 17%.

= |n 2005-2008, a higher percentage of Mexican-American and Black non-Hispanic children
were obese at 22% and 20%, respectively, compared with 14% of White non-Hispanic
children and 14% of children of “All Other Races/Ethnicities.”

Adverse Birth Outcomes

= Between 1993 and 2008, the rate of preterm birth showed an increasing trend, ranging
from 11.0% in 1993 to its highest value of 12.8% in 2006.

= Between 1993 and 2008, the rate of term low birth weight for all races/ethnicities stayed
relatively constant, ranging between 2.5% and 2.8%.
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Supplementary Topics

The Supplementary Topics section presents topics for which adequate national data are not
available, but for which more targeted data collection efforts could be used to provide measures
illustrating additional children’s environmental health issues of interest. Data sets used for these
measures are representative of particular locations (such as a single state) and/or were surveys
conducted a single time rather than on a continuing or periodic basis. Since these data sets are
lacking in certain key elements desirable for ACE3 indicators, data presentations for the
Supplementary Topics are referred to as “measures” rather than “indicators.”

Birth Defects

m  The rates for all categories of birth defects in Texas have increased or remained stable for
the period of 1999-2007. Some of the biggest increases were seen for musculoskeletal
defects, cardiac and circulatory defects, genitourinary defects, eye and ear defects, and
central nervous system defects.

Contaminants in Schools and Child Care Facilities

®m  The pesticides chlorpyrifos, cis-permethrin, and diazinon were detected in all dust samples
collected at Ohio and North Carolina child care centers in 2000-2001. Chlorpyrifos and
diazinon were also detected in all indoor air samples collected at these child care centers.

= Dibutyl phthalate was detected in all indoor air and dust samples collected at Ohio and
North Carolina child care centers.

m  Pyrethrin and pyrethroid insecticides accounted for the greatest volume of pesticide use in
California schools overall from 2002 to 2007.
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Introduction

Why is EPA tracking levels of contaminants and other aspects of children’s
environments in America’s Children and the Environment?

Pollutants or contaminants that can affect the health of children can be found in air, water, food,
and soil. This section describes contaminants in the air children breathe, the water they drink,

and the food they eat. This section also addresses the conditions of children’s environments by
considering indoor environments, contaminated lands, and climate change. Trends over time can
indicate the successes and shortcomings of efforts to reduce potential exposures and also identify
opportunities for future action. Differences in the environmental conditions between geographic
areas or demographic groups can inform more targeted actions.

What Environments and Contaminants topics are included in America’s
Children and the Environment, Third Edition (ACE3)?

Environments and Contaminants topics were selected for ACE3 based on: (1) research findings
identifying environmental contaminants or characteristics that may have adverse effects on
children’s health; and (2) the availability of data suitable for constructing a national indicator.
EPA obtained input from its Children’s Health Protection Advisory Committee to assist in
selecting topics from among the many contaminants and other aspects of the environment that
may affect children’s health. The ACE3 Environments and Contaminants indicators address the
following topics:

m  Criteria air pollutants

®m  Hazardous air pollutants

= |ndoor environments

m  Drinking water contaminants
®m  Chemicals in food

= Contaminated lands

= (Climate changei

Data for all of the Environments and Contaminants indicators were obtained from surveys and
databases maintained by U.S. government agencies. These include the Air Quality System
(Environmental Protection Agency, EPA); National Air Toxics Assessment (EPA); National Health
Interview Survey (National Center for Health Statistics ); American Healthy Homes Survey
(Housing and Urban Development, HUD); National Survey of Lead and Allergens in Housing

iAlthough climate change is addressed in this section, a climate change indicator is not currently presented. EPA is
currently developing a new children’s environmental health indicator for climate change. The new indicator will
focus on the frequency of extreme heat events over time. EPA intends to complete development of this new
indicator in 2014, and it will be made available at www.epa.gov/ace when completed.
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(HUD); Safe Drinking Water Information System (EPA); Pesticide Data Program (U.S.
Department of Agriculture); Comprehensive Environmental Response, Compensation, and
Liability Information System (EPA); and the Resource Conservation and Recovery Act
Information dataset (EPA). Although all of the data sources feature data collected across the
United States, some are not designed to produce estimates describing the nation overall. These
and other data limitations are described for each indicator presented. However, targeted
samples can provide important insight into environmental conditions and lead to improved
measurement over time.

Other environmental hazards that may potentially be of concern for children’s health are not
addressed in this section. Examples of these additional environmental hazards include
contaminants in surface waters, ionizing radiation, and chemicals that may be present in parks
and playgrounds.

What can we learn from the Environments and Contaminants indicators?

For some of the selected Environments and Contaminants topics, health-based standards have
been established. By comparing data on contaminant levels against these standards, which
often include a margin of safety, it is possible to determine the percentage of children living in
areas where standards or targeted levels have been exceeded. For topics where health-based
standards do not exist, indicator values may still summarize conditions over time or the
conditions of different groups of children, such as by race/ethnicity or income level.

It is important to realize that children may be exposed to the same contaminant through a
variety of sources and pathways. For example, children can be exposed to lead by ingesting
dust, consuming drinking water, and breathing air that contains lead. Each Environments and
Contaminants indicator shown here only informs our understanding of potential exposure from
a single pathway. A separate Biomonitoring section of ACE3 presents indicators that report
levels of selected chemicals measured in blood and urine samples. The biomonitoring approach
provides an integrated measure of exposure from all possible sources and pathways. However,
biomonitoring data are not available for all chemicals and contaminants represented in the
Environments and Contaminants indicators. The Environments and Contaminants indicators
and the Biomonitoring indicators are complementary in that they represent different types of
information about children’s potential environmental exposures.

What information is provided for each Environments and Contaminants topic?

An introduction section defines the topic and describes its relevance to children’s health,
including a discussion of potential health concerns associated with exposures to the
contaminants or environmental conditions. The introduction is followed by a description of the
indicators, including a summary of the data available and a brief description of how each
indicator was calculated. One to three indicators, each a graphical presentation of the available
data, are included for each topic. Most of the indicators present time series data. Where data
over time are unavailable, the indicators present data for the most recent year available. Where
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possible, the indicators incorporate information on race/ethnicity and income level. Beneath
each figure are explanatory bullet points highlighting key findings from the data presented in
the figure, along with key data from any supplemental data tables. References are provided for
each topic at the end of the report.

Data tables are provided in Appendix A. The tables include all indicator values depicted in the
indicator figures, along with additional data of interest not shown in the figures. Metadata
describing the data sources are provided in Appendix B. Documents providing details of how
the indicators were calculated are available on the ACE website (www.epa.gov/ace).

Many of the topics presented in the Environments and Contaminants indicators are addressed in
Healthy People 2020, which provides science-based, 10-year national objectives for improving
the health of all Americans. Appendix C provides examples of the alignment of the Environments
and Contaminants topics presented in ACE3 with objectives in Healthy People 2020.

How were the indicators calculated and presented?

Data files: The indicators were calculated using data files obtained from the government agency
websites or from government agency staff.

Population age groups: Most of the indicators used data for children ages 17 years and
younger. The indicators for indoor environments were restricted to younger ages because
younger children have been specifically identified as more susceptible to the effects of tobacco
smoke and lead exposure. The indicator for environmental tobacco smoke (E5) used data for
children ages 0 to 6 years. The indicator for interior lead hazards (E6) used data for children
ages 0 to 5 years.

Calculation of percentages: For most of the Environments and Contaminants topics, information
on environmental contaminants/characteristics was used to identify counties where one or
more environmental contaminants were above target levels established for the indicator. For
example, the calculation of percentages in Indicator E1 involved identifying counties with at least
one air pollutant measurement above the level of a National Ambient Air Quality Standard. The
population of children in counties with an environmental contaminant above the target level
was then calculated using census data, and divided by the total population of children to derive
the indicator value as a percentage of all children in the United States.

For the indoor environments topics, survey data were obtained from representative samples of
people (to estimate the percentage of children in homes with regular exposure to
environmental tobacco smoke) and homes (to estimate the percentage of children in homes
with lead hazards). Sample weights equal to the number of children in the U.S. population
represented by each sampled child were applied to yield estimates representing the U.S.
population of children. The indicator on chemicals in food reports the percentage of samples of
selected foods with detectable levels of pesticides.
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Statistical testing: Statistical analysis has been applied to the two indicators derived from
probability-based sample data (the indoor environments indicators for environmental tobacco
smoke and lead) to evaluate differences over time or between demographic groups. Statistical
analysis has also been applied to the criteria pollutants data to evaluate trends over time. The
remaining environment and contaminant indicators do not readily lend themselves to statistical
analysis, due to the characteristics of the underlying databases."

" Standard errors for the indoor environments indicator values, which are derived from survey data, are provided

in a file available on the ACE website (www.epa.gov/ace). Standard errors could not be calculated for the
remaining Environments and Contaminants indicators.
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Criteria Air Pollutants

Air pollution contributes to a wide variety of adverse health effects. EPA has established
national ambient air quality standards (NAAQS) for six of the most common air pollutants—
carbon monoxide, lead, ground-level ozone, particulate matter, nitrogen dioxide, and sulfur
dioxide—known as “criteria” air pollutants (or simply “criteria pollutants”). The presence of
these pollutants in ambient air is generally due to numerous diverse and widespread sources of
emissions. The primary NAAQS are set to protect public health. EPA also sets secondary NAAQS
to protect public welfare from adverse effects of criteria pollutants, including protection against
visibility impairment, or damage to animals, crops, vegetation, or buildings.

As required by the Clean Air Act,' EPA periodically conducts comprehensive reviews of the
scientific literature on health and welfare effects associated with exposure to the criteria air
poIIutants.Z'7 The resulting assessments serve as the basis for making regulatory decisions
about whether to retain or revise the NAAQS that specify the allowable concentrations of each
of these pollutants in the ambient air.®

The primary standards are set at a level intended to protect public health, including the health
of at-risk populations, with an adequate margin of safety. In selecting a margin of safety, EPA
considers such factors as the strengths and limitations of the evidence and related
uncertainties, the nature and severity of the health effects, the size of the at-risk populations,
and whether discernible thresholds have been identified below which health effects do not
occur. In general, for the criteria air pollutants, there is no evidence of discernible thresholds.””

The Clean Air Act does not require EPA to establish primary NAAQS at a zero-risk level, but
rather at a level that reduces risk sufficiently so as to protect public health with an adequate
margin of safety. In all NAAQS reviews, EPA gives particular attention to exposures and
associated health risks for at-risk populations. Standards include consideration of providing
protection for a representative sample of persons comprising at-risk populations rather than to
the most susceptible single person in such groups. Even in areas that meet the current
standards, individual members of at-risk populations may at times experience health effects
related to air pollution.”™?

Childhood is often identified as a susceptible lifestage in the NAAQS reviews, because children’s
lungs and other organ systems are still developing, because they may have a preexisting disease
(e.g., asthma), and because they may experience higher exposures due to their activities,
including outdoor play.**!” Evaluating the effects of criteria air pollutants in children has been a
central focus in several recent NAAQS reviews, including revisions of the Iead,18 ozone,19 and
particulate matter?® standards to strengthen public health protection.

Some of the air quality standards are designed to protect the public from adverse health effects
that can occur after being exposed for a short time, such as hours to days. Other standards are
designed to protect people from adverse health effects that are associated with long-term
exposures (months to years). For example, the standard for ozone is based on pollutant
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concentrations measured over a short-term period of eight hours. By contrast, the standard for
lead considers average concentrations measured over a rolling three-month period. For fine
particulate matter (PM,s), annual and 24-hour standards work together to provide protection
against effects associated with long- and short-term exposures.

Health effects that have been associated with each of the criteria pollutants are summarized
below. This information is drawn primarily from EPA’s assessments of the scientific literature
for the criteria pollutants.

Ozone

Ground-level ozone forms through the reaction of pollutants emitted by industrial facilities,
electric utilities, and motor vehicles; chemicals that are precursors to ozone formation can also
be emitted by natural sources, particularly trees and other plants.? Ground-level ozone can pose
risks to human health, in contrast to the stratospheric ozone layer that protects the earth from
harmful wavelengths of solar ultraviolet radiation. Short-term exposure to ground-level ozone
can cause a variety of respiratory health effects, including inflammation of the lining of the
lungs, reduced lung function, and respiratory symptoms such as cough, wheezing, chest pain,
burning in the chest, and shortness of breath.>**?* Ozone exposure can decrease the capacity to
perform exercise.” Exposure to ozone can also increase susceptibility to respiratory infection.
Exposure to ambient concentrations of ozone has been associated with the aggravation of
respiratory illnesses such as asthma, emphysema, and bronchitis, leading to increased use of
medication, absences from school, doctor and emergency department visits, and hospital
admissions. Short-term exposure to ozone is associated with premature mortality.2 Studies have
also found that long-term ozone exposure may contribute to the development of asthma,
especially among children with certain genetic susceptibilities and children who frequently
exercise outdoors.?>?* Long-term exposure to ozone can permanently damage lung tissue.

Particulate Matter

Particulate matter (PM) is a generic term for a broad class of chemically and physically diverse
substances that exist as discrete particles (liquid droplets or solids) over a wide range of sizes.
Particles originate from a variety of man-made stationary and mobile sources, as well as from
natural sources such as forest fires. Particles may be emitted directly, or may be formed in the
atmosphere by transformations of gaseous emissions such as oxides of sulfur (SOy), oxides of
nitrogen (NO,), and volatile organic compounds (VOCs). The chemical and physical properties of
PM vary greatly with time, region, meteorology, and the source of emissions. For regulatory
purposes, EPA distinguishes between categories of particles based on size, and has established
standards for fine and coarse particles. PMyg, in general terms, is an abbreviation for particles
with an aerodynamic diameter less than or equal to 10 micrometers (um), and represents
inhalable particles small enough to penetrate deeply into the lungs (i.e., thoracic particles).’
PMyg is composed of a coarse fraction referred to as PM1g., 5 or as thoracic coarse particles

"For comparison, the diameter of PM;, particles is 1/7 the diameter of an average human hair or less.
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(i.e., particles with an aerodynamic diameter less than or equal to 10 um and greater than 2.5
um) and a fine fraction referred to as PM, s or fine particles (i.e., particles with an aerodynamic
diameter less than or equal to 2.5 um). Thoracic coarse particles are emitted largely as a result
of mechanical processes and uncontrolled burning. Important sources include resuspended
dust (e.g., resuspended by cars, wind, etc.), industrial processes, construction and demolition
operations, residential burning, and wildfires. Fine particles are formed chiefly by combustion
processes (e.g., from power plants, gas and diesel engines, wood combustion, and many
industrial processes) and by atmospheric reactions of gaseous pollutants.

Although scientific evidence links harmful human health effects with exposures to both fine
particles and thoracic coarse particles, the evidence is much stronger for fine particles than for
thoracic coarse particles. Effects associated with exposures to both PM, s and PMq., 5 include
premature mortality, aggravation of respiratory and cardiovascular disease (as indicated by
increased hospital and emergency department visits), and changes in sub-clinical indicators of
respiratory and cardiac function. Such health effects have been associated with short- and/or
long-term exposure to PM." Exposures to PM, s are also associated with decreased lung
function growth, exacerbation of allergic symptoms, and increased respiratory symptoms.®
Children, older adults, individuals with preexisting heart and lung disease (including asthma),
and persons with lower socioeconomic status are considered to be among the groups most at
risk for effects associated with PM exposures.® Information is accumulating and currently
provides suggestive evidence for associations between long-term PM, s exposure and
developmental effects such as low birth weight and infant mortality due to respiratory causes.®

Sulfur Dioxide

Fossil fuel combustion by electrical utilities and industry is the primary source of sulfur dioxide
in the United States.” People with asthma are especially susceptible to the effects of sulfur
dioxide.” Short-term exposures of asthmatic individuals to elevated levels of sulfur dioxide
while exercising at a moderate level may result in breathing difficulties, accompanied by
symptoms such as wheezing, chest tightness, or shortness of breath. Studies also provide
consistent evidence of an association between short-term sulfur dioxide exposures and
increased respiratory symptoms in children, especially those with asthma or chronic respiratory
symptoms. Short-term exposures to sulfur dioxide have also been associated with respiratory-
related emergency department visits and hospital admissions, particularly for children and
older adults.”

Nitrogen Dioxide

Nitric oxide (NO) and nitrogen dioxide (NO,) are emitted by cars, trucks, buses, power plants,
and non-road engines and equipment. Emitted NO is rapidly oxidized into NO, in the
atmosphere.* Exposure to nitrogen dioxide has been associated with a variety of health effects,

" For PMo.,5, the evidence linking health effects to short-term (e.g., 24-hour) exposures is stronger than the
evidence for effects of long-term exposures.
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including respiratory symptoms, especially among asthmatic children, and respiratory-related
emergency department visits and hospital admissions, particularly for children and older adults.*

Lead

Historically, the major source of lead emissions to the air was combustion of leaded gasoline in
motor vehicles (such as cars and trucks). Following the elimination of leaded gasoline in the
United States by the mid-1990s, the remaining sources of lead air emissions have been industrial
sources, including lead smelting and battery recycling operations, and piston-engine small
aircraft that use leaded aviation gasoline.? Lead accumulates in bones, blood, and soft tissues of
the body. Exposure to lead can affect development of the central nervous system in young
children, resulting in neurodevelopmental effects such as lowered 1Q and behavioral problems.?

Carbon Monoxide

Gasoline-fueled vehicles and other on-road and non-road mobile sources are the primary
sources of carbon monoxide (CO) in the United States.” Exposure to carbon monoxide reduces
the capacity of the blood to carry oxygen, thereby decreasing the supply of oxygen to tissues
and organs such as the heart. People with several types of heart disease already have a reduced
capacity for pumping oxygenated blood to the heart, which can cause them to experience
myocardial ischemia (reduced oxygen to the heart), often accompanied by chest pain (angina),
when exercising or under increased stress. For these people, short-term CO exposure further
affects their body’s already compromised ability to respond to the increased oxygen demands
of exercise or exertion. Thus people with angina or heart disease are identified as at greatest
risk from ambient CO. Other potentially at-risk populations include those with chronic
obstructive pulmonary disease, anemia, diabetes, and those in prenatal or elderly lifestages.’

The period of fetal development may be one of particular vulnerability for adverse health
effects resulting from maternal exposure to some criteria air pollutants. This may occur if
maternal exposure to air pollutants is transferred to the fetus during pregnancy; for example,
lead and PM have both been shown to cross the placenta and accumulate in fetal tissue during
gestationf"6 In addition to the findings noted above regarding associations of prenatal PM
exposure and adverse birth outcomes (such as low birth weight), limited studies of prenatal
exposure to criteria air pollutants have reported that exposure to PM and oxides of nitrogen
and sulfur may increase the risk of developing asthma as well as worsen respiratory outcomes
among those children that do develop asthma.??’ However, it is often difficult to distinguish
the effects of prenatal and early childhood exposure because exposure to air pollutants is often
very similar during both time periods.

Additional research indicates that exposure to pollution from traffic-related sources, a mix of
criteria air pollutants and hazardous air pollutants, may pose particular threats to a child’s
respiratory system. Many studies have reported a correlation between proximity to traffic (or
to traffic-related pollutants) and occurrence of new asthma cases or exacerbation of existing
asthma and other respiratory symptoms, including reduced growth of lung function during
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childhood.??%% A report by the Health Effects Institute concluded that living close to busy
roads appears to be an independent risk factor for the onset of childhood asthma.>® The same
report also concluded that the evidence was “sufficient” to infer a causal association between
exposure to traffic-related pollution and exacerbations of asthma in children.?® Some studies
have suggested that traffic-related pollutants may contribute to the development of allergic
disease, either by affecting the immune response directly or by increasing the concentration or
biological activity of the allergens themselves.>”°

Many of the effects of criteria air pollutants on children can be reduced by limiting outdoor
activities on high pollution days.*® Such avoidance measures can have their own adverse
impacts on children’s health when they reduce opportunities for play and exercise.

The following three indicators provide different perspectives on children’s exposures to criteria
air pollutants. Indicator E1 summarizes the percentages of children over time living in counties
where measured pollutant concentrations were above the levels of the short- and/or long-term
standards for each of the criteria air poIIutants.iii Indicator E2 provides additional detail on the
frequency with which pollutant concentrations were above the levels of the ozone and 24-hour
PM, 5 standards in one year (2009). Indicator E3 focuses on the frequency with which children
were exposed to good, moderate, or unhealthy daily air quality, based on EPA’s Air Quality Index.

For standards with averaging times less than or equal to 24 hours, Indicator E1 includes counties where
concentrations were above the level of the standards at least one day per year.
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Indicator E1: Percentage of children ages 0 to 17 years living in counties with pollutant
concentrations above the levels of the current air quality standards, 1999-2009

Indicator E2: Percentage of children ages 0 to 17 years living in counties with 8-hour
ozone and 24-hour PM2.5 concentrations above the levels of air quality standards, by
frequency of occurrence, 2009

About the Indicators: Indicators E1 and E2 present the percentage of children living in counties
where measured ambient concentrations of criteria pollutants were greater than the levels of the
Clean Air Act health-based standards at any time during a year. Indicator E1 presents results for each
criteria pollutant for each year. Indicator E2 presents more detailed information on the frequency
with which measured ambient ozone and fine particle (PM,s) concentrations were greater than the
levels of the short-term standards for ozone and PM, 5 in 2009. The air quality data used in these
indicators are from an EPA database that compiles measurements of pollutants in ambient air from
around the country each year.

Air Quality System

State and local environmental agencies that monitor air quality submit their data to EPA. EPA
compiles the monitoring data in the national EPA Air Quality System (AQS) database.” AQS
contains some monitoring data from the late 1950s and early 1960s, but there is not an
appreciable amount of data for lead until 1970, sulfur dioxide until 1971, nitrogen dioxide until
1974, carbon monoxide and ozone until 1975, and PMo until 1987. AQS also contains
monitoring data for PM, s beginning in 1999; PM, s was measured only infrequently prior to
1999. Indicators E1 and E2 are derived from analysis of air pollution data in AQS.

Air Quality Standards and Concentrations Above the Levels of the Standards

Under the Clean Air Act, EPA has established National Ambient Air Quality Standards (NAAQS)
for carbon monoxide, lead, ground-level ozone, particulate matter, nitrogen dioxide, and sulfur
dioxide. There are four basic elements of NAAQS that together serve to define each standard:
the definition of the pollutant,’ the averaging time (e.g., annual average or 24-hour average),
the level, and the form of the standard (which defines the air quality statistic compared to the
level of the standard in determining whether an area attains the standard—for example, the
24-hour PM, s standard uses 98™" percentile concentrations, averaged over three years). These
elements must be considered collectively in evaluating the health and welfare protection
afforded by the NAAQS.

" Information on the AQS database is available at http://www.epa.gov/airdata/.

¥ In the development of NAAQS, the term “indicator” defines the chemical species or mixture that is to be
measured in determining whether an area attains the standard. To avoid confusion with the way in which
“indicator” is used throughout America’s Children and the Environment, the term is not used in the following
paragraphs, except to refer to the ACE criteria pollutant indicators E1, E2, and E3.
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Indicators E1 and E2 consider the first three elements of a NAAQS: the definition of the
pollutant, the averaging time, and the level of the standard. The indicators present percentages
of children living in areas with pollutant concentrations above the level of the current
standards, using the appropriate averaging time. The indicators do not consider the form of the
standard, which often includes considerations for multiple years of air quality data (e.g., 3
years), adjustments for missing data and less-than daily monitoring, and consideration for the
frequency and magnitude with which a standard level is exceeded. In considering the form of
the NAAQS, these standards are defined to allow some days to be above the level of the
standard while limiting the extent to which they are above the level of the standard.
Furthermore, determinations of attainment with the NAAQS are generally based on air quality
averaged over multiple years. Therefore, air quality in any one-year period, as presented in
Indicators E1 and E2, cannot be used to characterize whether air quality does or does not meet
the NAAQS. The analyses for Indicators E1 and E2 therefore differ from the analyses used by
EPA for the designation of “nonattainment areas” (locations that have not attained the
standard) for regulatory compliance purposes.*! Nonetheless, looking at air quality within a
given year, or across many individual years, provides important public health information.

For each of the years 1999-2009, Indicator E1 reflects comparisons of the monitoring data with
the levels of the current NAAQS. The indicator for all years therefore incorporates the 2006
revision of the level of the 24-hour PM, s standard?®® from 65 pg/m? to 35 pg/m?; the 2008
revision of the level of the eight-hour ozone standard® from 0.08 ppm to 0.075 ppm;" the 2008
revision of the level of the three-month standard® for lead from 1.5 ug/m3 t0 0.15 ug/m3; the
establishment of a new one-hour standard® for nitrogen dioxide with a level of 100 ppb, issued
in 2010; and the establishment of a new one-hour standard® for sulfur dioxide with a level of
75 ppb, issued in 2010. Note that EPA promulgated a revised annual PM, s standard in
December 2012, which has not been incorporated into this analysis. Table 1 in the Methods
documentation shows the criteria pollutant levels used for the purpose of this indicator to
determine whether concentrations were above the standard level for each poIIutant.Vii

NAAQS are intended to provide public health protection, including providing protection for at-
risk populations, with an adequate margin of safety."" EPA’s selection of the current standards

“In January 2010, the EPA Administrator proposed to reconsider the ozone standard because she believed “that a
standard set as high as 0.075 would not be considered requisite to protect public health with an adequate margin
of safety, and that consideration of lower levels [was] warranted” (75 FR 2996, January 19, 2010). EPA is currently
conducting the next statutorily mandated periodic review of the ozone standards, which the Agency plans to
complete in 2014. See http://www.epa.gov/ttn/naaqs/standards/ozone/s_o3_index.html for more information on
the current and previous ozone NAAQS reviews.

Y All criteria pollutants are included in Indicator E1, but for some pollutants with multiple primary standards
(reflecting different averaging times), only a single standard is included. For CO only the 8-hour standard is
included, because the 1-hour standard is rarely exceeded. For NO, only the 1-hour standard is included, because
the annual standard is rarely exceeded.

" The legislative history of section 109 of the Clean Air Act indicates that a primary standard is to be set at “the
maximum permissible ambient air level... which will protect the health of an [sensitive] group of the population,”
and that for this purpose, “reference should be made to a representative sample of persons comprising the
sensitive group rather than to a single person in such a group” S. Rep. No. 91-1196, 91* Cong., 2d Sess. 10 (1970).
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for ozone, nitrogen dioxide, and sulfur dioxide were intended to protect against respiratory
effects in at-risk populations, including children. EPA’s selection of the current standards for
particulate matter was based primarily on concerns for mortality and cardiovascular effects, as
well as respiratory effects. EPA’s selection of the current standard for lead was intended to
reduce risks of neurodevelopmental effects in children. The standard for carbon monoxide is
intended primarily to protect against potential effects in people with heart disease. The Clean
Air Act does not require the EPA Administrator to establish a primary NAAQS at a zero-risk level
or at background concentration levels, but rather at a level that reduces risk sufficiently so as to
protect health with an adequate margin of safety. However, pollutant concentrations that are
lower than the levels of the standards are not necessarily without risk for all individuals. No
risk-free level of exposure has been determined for any of the criteria pollutants.

Data Presented in the Indicators

Indicator E1 presents the percentage of children living in counties with measured pollutant
concentrations above the level of a NAAQS for any of the criteria pollutants, for each year from
1999-2009.* The indicator begins with data for 1999 because, as noted above, this was the first
year of widespread monitoring for PM, 5. In addition to presenting data for each of the criteria
pollutants separately, the indicator also presents the percentage of children living in counties
with measured concentrations above the level of a NAAQS for any criteria air pollutant (i.e.,
exceedance of standard levels for one or more criteria air pollutants).

Indicator E1 does not differentiate between counties in which concentrations were above
standard levels frequently or by a large margin, and areas in which concentrations were above
standard levels only rarely or by a small margin. It also assumes that air pollutant concentrations
are consistent throughout a county. Some pollutants, such as ozone and PM, s, tend to be well
dispersed and generally have limited spatial variation within a county, whereas other pollutants
such as lead might have higher concentrations within relatively smaller areas. The indicator is
based on concentrations of individual pollutants compared with individual standard levels, and
does not reflect any combined effect of exposure to multiple criteria pollutants.

All children living in all counties are considered in the indicator; however, many counties do not
have air pollution monitors. Monitoring networks are typically designed to focus on areas that
are expected to have higher concentrations or that have larger populations. If any of the
unmonitored counties have concentrations above the levels of the NAAQS, Indicator E1 will
understate the percentage of children living in counties with concentrations above standard
levels. The indicator thus represents the percentage of all children who lived in counties with
confirmed pollutant concentrations above the levels of the standards each year, where
confirmation is provided by a valid monitor value in that year. The percentages of children in
unmonitored counties in 2009 range from about 30% for ozone and PM, s to about 50% for

" For standards with averaging times less than or equal to 24 hours, Indicator E1 includes counties where
concentrations were above the level of the standards at least one day per year.
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PMo, carbon monoxide, sulfur dioxide and nitrogen dioxide, and about 80% for lead.” These
percentages have been fairly stable from 1999-2009, though there are some limited changes in
monitoring from year to year. Those limited changes in monitoring mean that there are some
small changes in data available for calculation of the indicator over time.

The supplemental data tables Ela and E1b show the percentage of children living in counties
with concentrations above the levels of the air quality standards in 2009 by race/ethnicity
(Table E1a) and family income (Table E1b).

Ambient concentrations were more frequently above the levels of the 8-hour ozone and the 24-
hour PM, s standards than the levels of the standards for other criteria pollutants. Indicator E2
provides information on the frequency with which concentrations were above the levels of
these two standards in 2009. Counties were classified by the number of days during 2009 that
measured pollutant concentrations were above the levels of the 8-hour ozone and 24-hour
PM, s standards. This indicator, therefore, shows the percentage of children living in counties in
which concentrations were measured above the levels of these two short-term standards a few
times, as well as the percentage in counties with more frequent measurements above the
levels of the standards. The percentage of children in counties without monitors for these two
pollutants in 2009 is also shown in Indicator E2. The data table for this indicator (Table E2) also
provides the same information for each year 1999-2009, using the current level of the
standards for each year’s calculation.

Values in this indicator may be understated due to the fact that most monitors do not operate
every day. Ozone monitors operate daily during the ozone season, which lasts from 6 to 7
months in most locations but can be between 5 and 12 months (based on ranges of dates when
high temperatures associated with high ozone concentrations may occur). PM; s monitors
operate year round, but may collect measurements daily or every third or every sixth day. EPA
requires areas that measure concentrations within 5% of the 24-hour PM, 5 standard to monitor
daily. Monitors for other criteria pollutants operate year round.

Statistical Testing

Statistical analysis has been applied to Indicator E1 to evaluate trends over time in the
percentage of children living in counties with concentrations above the standard levels each
year. These analyses use a 5% significance level, meaning that a conclusion of statistical
significance is made only when there is no more than a 5% probability that the observed trend
occurred by chance (p < 0.05). The statistical analysis of trends over time is dependent on how
the annual values vary as well as on the number of annual values. For example, the statistical
test is more likely to detect a trend when data have been obtained over a longer period. It
should be noted that conducting statistical testing for multiple air quality standards increases
the probability that some trends identified as statistically significant may actually have occurred
by chance.

“EPA issued increased requirements for lead monitoring in December 2010.*
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A finding of statistical significance is useful for determining that an observed trend was unlikely
to have occurred by chance. However, a determination of statistical significance by itself does
not convey information about the magnitude of the increase or decrease in indicator values.
Furthermore, a lack of statistical significance means only that occurrence by chance cannot be
ruled out. Thus, a conclusion about statistical significance is only part of the information that
should be considered when determining the public health implications of trends.
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Indicator E1
Percentage of children ages 0 to 17 years living in counties with pollutant
concentrations above the levels of the current air quality standards, 1999-2009
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Data: U.S. Environmental Protection Agency, Office of Air and Radiation, Air Quality System

Note: EPA periodically reviews air quality standards and may change them based on updated scientific findings.
Measuring concentrations above the level of a standard is not equivalent to violating the standard. The level of
a standard may be exceeded on multiple days before the exceedance is considered a violation of the standard.
See text for additional discussion.
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Data characterization

— Data for this indicator are obtained from EPA’s database of air quality monitoring measurements.

- Air pollution monitors are placed in locations throughout the country, with an emphasis on areas expected
to have higher pollutant concentrations or that have larger populations. Not all counties in the United
States have air pollution monitors, and the number of counties with monitors has changed over time.

- Monitors generally tend to stay in the same location over many years, but there may be some limited
changes in the number or location of monitors providing data from year to year.

m  From 1999 to 2009, the proportion of children living in counties with measured pollutant
concentrations above the levels of one or more national ambient air quality standards
decreased from 75% to 59%. This includes both concentrations above the level of any
current short-term standard at least once during the year as well as average concentrations
above the level of any current long-term standards.
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= The decreasing trend over the years 1999-2009 was statistically significant.

From 1999-2009, the percentage of children living in counties with measured ozone
concentrations above the level of the current 8-hour ozone standard at least one day during
the year decreased from 65% to 49%.

= The decreasing trend for ozone over the years 1999-2009 was statistically significant.

From 1999-2009, the percentage of children living in counties with measured PM, 5
concentrations above the level of the current 24-hour PM, 5 standard at least once per year
decreased from 55% to 32%. Over the same years, the percentage of children living in
counties with a measured annual average concentration above the level of the current
annual PM, s standard declined from 24% to 2%.

m  The decreasing trends for PM, s were statistically significant.

From 1999-2009, the percentage of children living in counties with measured sulfur dioxide
concentrations above the level of the current one-hour standard for sulfur dioxide at least
one day per year declined from 31% to 11%. Over the same years, the percentage of
children living in counties with measured concentrations above the level of the current one-
hour standard for nitrogen dioxide at least one day per year decreased from 23% to 9%.

m  The decreasing trends for both sulfur dioxide and nitrogen dioxide were statistically
significant.

In each year since 1999, between 1 and 5% of children lived in counties with measured

ambient lead concentrations above the level of the current three-month standard for lead.

In 2009, 8 counties with 4% of U.S. children reported concentrations above the level of the

three-month standard for lead.

In 2009, 3% of children lived in counties with measured PM;g concentrations above the level
of the current 24-hour standard for PMyg at least one day per year, and no children lived in
counties with measured concentrations above the level of the current standard for carbon
monoxide.
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Indicator E2

Percentage of children ages 0 to 17 years living in counties with 8-hour ozone
and 24-hour PM2;s concentrations above the levels of air quality standards, by
frequency of occurrence, 2009

No monitoring data
No days with concentrations above the standard

26 or more &S Ozone
(8-hour standard)

No monitoring data
No days with concentrations above the standard

PM, .
(24-hour standard)

0% 5% 10% 15% 20% 25% 30% 35%

26 or more days

Data: U.S. Environmental Protection Agency, Office of Air and Radiation, Air Quality System

Note: EPA periodically reviews air quality standards and may change them based on updated scientific
findings. Measuring concentrations above the level of a standard is not equivalent to violating the standard.
The level of a standard may be exceeded on multiple days before the exceedance is considered a violation
of the standard. See text for additional discussion.
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Data characterization

— Data for this indicator are obtained from EPA’s database of air quality monitoring measurements.

- Air pollution monitors are placed in locations throughout the country, with an emphasis on areas expected
to have higher pollutant concentrations or that have larger populations. Not all counties in the United
States have air pollution monitors.

— Some air pollution monitors do not operate every day, so some days with pollutant concentrations above
the levels of the air quality standards may not be identified.

- In 2009, 27% of children lived in counties with no monitoring data for ozone, and 30% lived in counties
with no monitoring data for PM, s.

m  |n 2009, 6% of children lived in counties with measured ozone concentrations above the
level of the 8-hour ozone standard on more than 25 days. An additional 3% of children lived
in counties with measured concentrations above the level of the ozone standard between
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11 and 25 days, and 12% of children lived in counties where concentrations were above the
level of the standard between 4 and 10 days.

In 2009, 1% of children lived in counties with measured PM, s concentrations above the
level of the 24-hour PM, 5 standard on more than 25 days. An additional 2% of children lived
in counties with measured concentrations above the level of this standard between 11 and
25 days, and 1% of children lived in counties with measured concentrations above the level
of the 24-hour PM; 5 standard between 8 and 10 days.

In 1999, 23% of children lived in counties with measured ozone concentrations above the
level of the current 8-hour ozone standard on more than 25 days. An additional 27% of
children lived in counties with measured concentrations above the level of the ozone
standard between 11 and 25 days, and 11% of children lived in counties where
concentrations were above the level of the standard between 4 and 10 days. (See Table E2.)

In 1999, 6% of children lived in counties with measured PM, s concentrations above the
level of the current 24-hour PM, 5 standard more than 25 days. An additional 9% of children
lived in counties with measured concentrations above the level of this standard 11 and 25
days, and 3% of children lived in counties with measured concentrations above the level of
the 24-hour PM, 5 standard between 8 and 10 days. (See Table E2.)
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Indicator E3: Percentage of days with good, moderate, or unhealthy air quality for
children ages 0 to 17 years, 1999-2009

About the Indicator: Indicator E3 presents data from EPA’s Air Quality Index (AQl). The AQl produces
a rating of the air quality for each county on each day, considering all monitoring results available on
that day for carbon monoxide, ozone, nitrogen dioxide, particulate matter, and sulfur dioxide. Air
quality in each county is considered to be “good,” “moderate,” or “unhealthy” based on comparison
of the monitored pollutant concentrations to breakpoints defined by the AQIl. The indicator is
calculated by considering the number of children in counties with each rating for each day of the
year, then summing the number of children for all days in the year.

Air Quality Index

EPA’s Air Quality Index (AQI)Xi represents air quality for each individual day and is widely
reported in newspapers and other media outlets in metropolitan areas. The AQl is based on
daily measurements of up to five of the six air quality criteria pollutants (carbon monoxide,
ozone, nitrogen dioxide, particulate matter, and sulfur dioxide). The standard for lead is not
included in the AQI because it requires averaging concentrations over a three-month period,
and it can take several weeks to collect and analyze lead samples.

The specific pollutants considered in the AQl for each metropolitan area depend on the
pollutants monitored in that area each day. Each pollutant concentration is given a value on a
scale relative to the air quality standard for that pollutant. The daily AQl is based on the single
pollutant with the highest index value that day. An AQIl value of 100 corresponds to the level of
the short-term (e.g., daily or hourly) NAAQS for each criteria pollutant. An AQl value of 50 is
defined either as the level of the annual standard, if one has been established (e.g., PM;s, NO,),
or as a concentration equal to one-half the value of the short-term standard used to define an
index value of 100 (e.g., CO).

EPA has divided the AQl scale into categories. Air quality is considered “good” (referred to as
“code green”) if the AQl is between 0 and 50, posing little or no risk. Air quality is considered
“moderate” (“code yellow”) if the AQl is between 51 and 100. Some pollutants at this level may
present a moderate health concern for a small number of individuals. Air quality is considered
“unhealthy for sensitive groups” if the AQl is between 101 and 150 (referred to as “code
orange”). On code orange days, members of at-risk populations such as children may
experience health effects, but the rest of the general population is unlikely to be affected. Air
quality is considered “unhealthy” if the AQl is between 151 and 200 (“code red”). The general
population may begin to experience health effects, and members of at-risk populations may
experience more serious health effects. Values of 201 to 300 are designated as “very
unhealthy” (“code purple”), while values of 301 to 500 are considered “hazardous” (“code
maroon”). Decisions about the pollutant concentrations at which to set the various AQl

“ Available at http://www.airnow.gov/.
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breakpoints that delineate the various AQl categories draw directly from the underlying health
information that supports the reviews of the NAAQS.

For PM, s, the AQI values used in preparing Indicator E3 were calculated with a 24-hour
concentration of 40 pg/m?> used to define air quality as “unhealthy for sensitive groups” (i.e., an
AQl value of 100), rather than the level of the current 24-hour PM, 5 standard of 35 ug/m3. As a
consequence, Indicator E3 likely overstates the days with moderate air quality and understates
the days with unhealthy air quality.

Data Presented in the Indicator

Indicator E3 is based on the reported AQI for counties in the United States. EPA calculates an

AQl value each day in each county for five major air pollutants regulated by the Clean Air Act:
ozone, particulate matter, carbon monoxide, sulfur dioxide, and nitrogen dioxide. The highest
of these pollutant-specific AQl values is reported as the county’s AQI value for that day.

Indicator E3 was developed by reviewing the AQI designation for each day for each county and
weighting the daily designations by the number of children living in each county. The
calculation, therefore, is a summation of the AQl values for all children in the United States,
based on county of residence, for each day of the year. For example, the number of days of
good air quality during the year is counted up for each child in the population based on the
daily air quality in the county where they live. The overall indicator reports the percentage of
children’s days in each year considered to be of good (AQl 0-50; code green), moderate (AQl
51-100; code yellow), or unhealthy (AQl greater than 100; codes orange, red, purple, and
maroon combined) air quality.Xiii The percentage of children’s days with no AQl value available
(representing the absence of monitoring data) are also reported in Indicator E3.

Whereas Indicator E1 presents an annual analysis of counties in which concentrations were
above the level of a standard for a pollutant, the AQI data used in Indicator E3 are based on the
concentrations for all pollutants for which an AQl has been established in each county over the
course of a year. The E3 method uses data on the air quality category for each day, rather than
simply reporting whether a county ever exceeds the standard for each pollutant during the
year. However, the AQl method has some limitations. The AQl is based on the single pollutant
with the highest value for each day; it does not reflect any combined effect of multiple
pollutants or the effects of pollutants that were not measured on a given day.

xii

In December 2012, EPA promulgated a rule to change the AQl to use 35 p.g/m3 for defining the AQl value of 100

for PM,s. Prior to this rule, although the AQl had not formally been changed, an EPA guidance document™®
recommended use of 35 ug/m3 for defining the AQl value of 100 for PM, ;. States have generally been using 35
ug/m3 in calculating and reporting their daily AQl values.

" As discussed above, an AQ] value of 100 generally corresponds to the level of a short-term national ambient air
quality standard. When AQl values are above 100, air quality is considered to be unhealthy—at first for certain
sensitive groups of people (101 to 150), then for everyone as AQI values get higher.
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Indicator E3 starts in 1999 because this was the first year of widespread monitoring for PMs.
The indicator uses a consistent set of pollutant concentrations to define good, moderate, or
unhealthy air quality for all years shown, 1999-2009, but as noted above, the level of the
current 24-hour standard for PM, s has not been incorporated into calculation of the indicator.

Tables E3a and E3b show the percentage of children’s days of exposure to good, moderate, or
unhealthy air quality in 2009 by race/ethnicity (Table E3a) and family income (Table E3b).
These calculations do not account for any possible variation in air quality within a county, and
thus may not fully reflect the variability in air quality among children of different
race/ethnicity and income.

Statistical Testing

Statistical analysis has been applied to Indicator E3 to evaluate trends over time in the
percentage of children's days of with good, moderate, or unhealthy air quality. These analyses
use a 5% significance level, meaning that a conclusion of statistical significance is made only
when there is no more than a 5% probability that the observed trend occurred by chance (p <
0.05). The statistical analysis of trends over time is dependent on how the annual values vary as
well as on the number of annual values. For example, the statistical test is more likely to detect
a trend when data have been obtained over a longer period.

A finding of statistical significance is useful for determining that an observed trend was
unlikely to have occurred by chance. However, a determination of statistical significance
trend over time does not imply anything about the magnitude of the increase or decrease in
indicator values. Furthermore, a lack of statistical significance means only that occurrence by
chance cannot be ruled out. Thus, a conclusion about statistical significance is only part of
the information that should be considered when determining the public health implications
of trends.
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Indicator E3

Percentage of days with good, moderate, or unhealthy air quality for children
ages 0 to 17 years, 1999-2009

80%

70%

60%

50%

40%

30% No monitoring data
o

20%

10%

Unhealthy
0%
1999 2001 2003 2005 2007

Data: U.S. Environmental Protection Agency, Office of Air and Radiation, Air Quality System

Note: Good, moderate, and unhealthy air quality are defined using EPA's Air Quality Index (AQl). The
health information that supports EPA's periodic reviews of the air quality standards informs decisions
on the AQI breakpoints and may change based on updated scientific findings. See text for additional discussion.
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Data characterization

Data for this indicator are obtained from EPA’s database of daily Air Quality Index (AQl) values for each
county in the United States.

Air pollution monitors are placed in locations throughout the country, with an emphasis on areas expected
to have higher pollutant concentrations or that have larger populations.

AQl values are based on daily monitoring data for up to five criteria air pollutants. Some counties do not
have monitors, and some monitors do not operate every day, so some days do not have AQI values.

For this indicator, the available monitoring data are used to assign a value of “good,” “moderate,”
“unhealthy,” or “no monitoring data” for each day in each U.S. county.
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= The percentage of children’s days that were designated as having “unhealthy” air quality

decreased from 9% in 1999 to 3% in 2009. The percentage of children’s days with “good” air
quality increased from 41% in 1999 to 57% in 2009. The percentage of children’s days with

“moderate” air quality was approximately constant at 21-23% from 1999 to 2007, and then
decreased to 16% in 2009.

= The 1999 to 2009 trends in “unhealthy,” “good,” and “moderate” air quality days were
statistically significant.
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Hazardous Air Pollutants

Hazardous air pollutants (HAPs) are air contaminants, frequently referred to as “air toxics,” that
are known or suspected to cause serious human health effects or adverse environmental
effects. The Clean Air Act identifies 187 substances as HAPs. Examples include benzene,
trichloroethylene, mercury, chromium, and dioxin. The “criteria” air pollutants such as ozone
and particulate matter are excluded from the HAPs list.!

HAPs are emitted into ambient air from a diverse range of facilities, businesses, and vehicles
that are grouped into three general categories: major sources, area sources, and mobile
sources. Major sources typically are large industrial facilities such as chemical manufacturing
plants, refineries, and waste incinerators. These sources may release air toxics from equipment
leaks, when materials are transferred from one location to another, or during discharge
through emission stacks or vents. Area sources typically are smaller stationary facilities such as
dry cleaners, auto body repair shops, and small manufacturing operations. Though emissions
from individual area sources often are relatively small, collectively they can be of concern—
particularly where large numbers of sources are located in heavily populated areas. Mobile
sources include both on-road sources, such as cars, light trucks, large trucks, and buses, and
non-road sources such as farm and construction equipment, lawn and garden equipment,
marine engines, aircraft, and locomotives. Some HAPs are also emitted from natural sources
such as volcanoes. Health effects associated with HAPs include cancer, asthma and other
respiratory ailments, birth defects, reproductive effects, and neurodevelopmental effects.””

In some cases, health concerns are based on studies of workers exposed to high levels of
particular HAPs on the job. For example, EPA has determined that HAPs such as benzene; 1,3-
butadiene; chromium; nickel; and vinyl chloride are carcinogenic to humans, based on findings
in occupational studies.’®** Similarly, toluene diisocyanate exposure has been associated with
effects on the lung, and manganese exposure with neurological effects, in occupational
studies.™®

A limited number of HAPs have also been studied in human populations that have been
exposed in their day-to-day lives. For examples, several studies have reported associations
between formaldehyde exposure (usually indoors at home or at school) and childhood asthma.?
In addition, a series of recent studies conducted in New York City reported that children of
women who were exposed to increased levels of polycyclic aromatic hydrocarbons (PAHs,
produced when gasoline and other materials are burned) during pregnancy are more likely to
have experienced adverse effects on neurological development (such as reduced intelligence
quotient (1Q) or behavioral problems®’), as well as respiratory effects.””*°

'Lead is an exception: it is regulated as a criteria pollutant, and “lead compounds” are included on the list of HAPs.
Note that criteria pollutants are discussed further in the Criteria Air Pollutants topic.
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For the majority of HAPs, however, there are no human epidemiological studies, or very few,
and concern for health effects is based on findings from animal studies. For example, many
HAPs, such as PAHs, % acetaldehyde21 and carbon tetrachloride® are considered likely to be
carcinogenic to human based primarily on evidence from long-term laboratory animal studies.

Although many HAPs are of concern due to their potential to cause cancer, a substantial
number of HAPs lack evidence of cancer—either because the relevant long-term studies have
not been conducted, or because studies have been conducted and do not indicate carcinogenic
potential. An example of a HAP that is not associated with cancer is acrolein; there are no
appropriate human or animal studies with which to assess the carcinogenic potential of
acrolein. However, acrolein has been identified as a HAP of particular concern for effects other
than cancer.”®** Health concerns for acrolein include respiratory effects and irritation of the
eyes, nose, and throat, based on animal studies and on short-term studies of small groups of
humans intentionally exposed to high levels of acrolein.”

EPA relies on both monitoring and modeled data to characterize ambient air concentrations of
HAPs, and to estimate potential human exposure and risk of adverse health effects associated
with these toxics. EPA and state monitoring programs do not cover all the places where people
live in the United States. For this reason, the following indicator relies on modeled data from
the National Air Toxics Assessment.?® The indicator presents the percentage of children living in
census tracts with estimated HAP concentrations greater than benchmark comparison levels
derived from health effects information.

In addition to their presence in ambient air, many HAPs also have indoor sources, and the
indoor sources may frequently result in greater exposure than the presence of HAPs in ambient
air. Sufficient data are not available to develop an indicator considering the combined exposure
to HAPs from both indoor and outdoor sources; therefore the following indicator considers only
levels of HAPs in ambient air."

" Indoor sources of HAPs are further discussed in the Indoor Environments and Contaminants in Schools and Child
Care Facilities topics, and in several of the biomonitoring topics.
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Indicator E4: Percentage of children ages 0 to 17 years living in census tracts where
estimated hazardous air pollutant concentrations were greater than health
benchmarks in 2005

About the Indicator: Indicator E4 presents estimates of the percentage of children living in census
tracts with ambient hazardous air pollutant (HAP) concentrations greater than benchmark values
representing levels of concern for health effects. The HAP concentrations are computer model
estimates for 2005, representing all identified sources of HAP emissions, including factories and
motor vehicles. The health benchmarks are based on concerns for cancer and other adverse health
effects that may be associated with HAP exposure.

National Air Toxics Assessment

EPA’s National Air Toxics Assessment (NATA) provides estimated concentrations of 181 HAPs in
ambient air for the year 2005. NATA is the most comprehensive resource on potential human
exposure to and risk of adverse health effects from HAPs in the United States. Monitoring data
are insufficient to characterize HAP concentrations across the country because of the limited
number of monitors, and because concentrations of many HAPs may vary considerably within a
metropolitan area or region.

Under NATA, EPA develops modeled estimates of ambient concentrations of HAPs using
estimated emissions data from major, area, onroad mobile, and non-road mobile sources.
These emissions data are collected and updated periodically, and are maintained in an
emissions inventory. The original NATA was developed using emissions data for the year 1996.
Since the initial release, EPA has developed additional estimates of ambient air concentrations
of HAPs using updated emissions inventories for 1999, 2002, and 2005. NATA’s computer
modeling approach has the advantage of allowing estimation of HAP concentrations at
locations throughout the United States, rather than in just those locations that have HAP
monitors. However, compared with monitoring, the computer model requires estimating
guantities of HAP emissions, estimating locations of HAP emissions sources, and modeling the
dispersion of HAPs in the atmosphere after they have been emitted.

The most recent assessment developed estimated ambient concentrations of 179 air toxics for
the year 2005. A computer model provided estimates for every census tract in the United
States. The modeled estimates generally are consistent with the limited set of ambient air
toxics monitoring data, although at many locations the model estimates for some HAPs are
lower than measured concentrations.?’ The 2005 NATA estimates do not reflect any changes in
emissions that may have occurred since 2005 due to new regulations, new technologies,
changes in economic activity, or changes in the vehicle fleet and vehicle miles traveled.
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Health Benchmarks for Hazardous Air Pollutants

Indicator E4 presents comparisons of modeled concentrations of HAPs in ambient air for 2005
with three health benchmark concentrations derived from scientific assessments conducted by
EPA and other environmental agencies.28 EPA uses the three benchmark risk levels to identify
HAPs that are of priority concern.”

Two benchmarks reflect potential cancer risks, at levels of 1-in-100,000 risk and 1-in-10,000
risk. If a particular hazardous air pollutant is present in ambient air at a 1-in-100,000 benchmark
concentration, for example, it is estimated that one additional case of cancer would occur in a
population of 100,000 people exposed for a lifetime. The comparison to the cancer risk
benchmark incorporates data for all HAPs considered carcinogenic to humans, likely
carcinogenic to humans, or with suggestive evidence of carcinogenicity. The majority of HAPs
included in the comparison to the cancer risk benchmarks are considered “carcinogenic to
humans” or “likely carcinogenic to humans.”*

The third benchmark concentration corresponds to the level at which exposure to the
hazardous air pollutant is estimated to be of minimal risk for adverse non-cancer health effects;
exposures above this benchmark may be associated with adverse health effects such as
respiratory or neurological effects. Due to variation in human response to HAP exposure and
uncertainty in the benchmark values, it is not necessarily the case that a person living in a
location where this benchmark is exceeded will experience adverse effects. It is also possible
that individuals may experience effects at levels below the benchmark level.

The health benchmarks are generally derived from laboratory animal studies, although for
some HAPs they are derived from human epidemiological studies of workers exposed on the
job. For some HAPs, even the animal studies are very limited and no benchmark has been
derived. Health benchmarks were available to assess 87 HAPs as cancer-causing agents and 105
HAPs as agents that cause adverse health effects other than cancer. Some HAPs had
benchmarks for both cancer and non-cancer health endpoints; a total of 141 air toxics were
used in calculating the indicator.

Because they are typically based on studies of adults or mature laboratory animals, the three
benchmarks generally reflect health risks to adults, rather than potential risks to children or
risks in adulthood stemming from childhood exposure. Benchmarks for non-cancer effects
incorporate assumptions that are based on adult respiratory physiology (i.e., breathing rates
and lung structure); benchmarks for some HAPs would be lower if they were adjusted for
children’s respiratory physiology.31

Under a policy adopted in 2005, EPA adjusts risk estimates for certain carcinogens to account
for increased risks associated with exposures during early life.*? This adjustment has been
applied to the cancer benchmarks for PAHSs, acrylamide, benzidine, and ethyl carbamate.
Benchmark values for other HAPs that are suspected carcinogens receive no adjustment for
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potential elevated risks from early-life exposures because they do not meet the criteria of the
EPA policy or lack sufficient data to support application of the adjustment.

Further, the benchmarks reflect risks of continuous exposure over the course of a lifetime.
Potential risks from higher concentrations experienced over a short amount of time (one day,
one hour, or less) may in some cases trigger immediate responses, such as asthma attacks or
effects on the central nervous system are not addressed by these benchmarks.

Finally, the benchmark values for HAP s are uncertain to varying degrees, due to data
limitations and the lag in time between when new studies become available and the
completion of updated assessments by EPA and other government agencies.

Data Presented in the Indicator

Indicator E4 presents the percentage of children living in census tracts where estimated 2005
HAP concentrations exceeded benchmark levels for cancer (at levels of 1-in-100,000 risk and 1-
in-10,000 risk) and for other (non-cancer) adverse health effects. The indicator is calculated by
comparing the estimated HAP concentrations for each U.S. census tract in 2005 to each of the
benchmark concentrations. Census tracts are geographic areas within U.S. counties that vary in
size and generally have 1,500 to 8,000 residents, with a typical population of 4,000 residents.

The comparison to the cancer risk benchmark sums up data for all carcinogenic HAPs. The
comparison to the benchmark for other adverse health effects considers only individual HAPs;
that is, a county is considered to exceed this benchmark if the modeled concentration for any
single HAP exceeds the corresponding non-cancer benchmark for that HAP, but it does not
consider adverse effects of combinations of HAPs.

Available information indicates that the NATA estimates of ambient HAP concentrations tend to
be similar to or lower than actual HAP concentrations.?’ To the extent that underestimation
occurs, the percentage of children living in census tracts exceeding the benchmark levels may
be understated. In addition, the indicator does not differentiate between census tracts in which
the benchmarks are exceeded by a large margin and those in which estimated HAP
concentrations are just above the benchmark concentrations. The indicator presents results
only for 2005, and does not compare results across assessment years, such as between 1999
and 2005, because each update of the assessment brings new improvements to methods. For
example, improvements to the emissions estimation methodologies made in the 2005
assessment were not applied to the earlier versions, so the ambient concentration estimates
are not entirely comparable between years.

Actual exposures may differ from ambient concentrations. Indoor concentrations of HAPs from
outdoor sources may be slightly lower than ambient concentrations, although they can be
significantly higher if any indoor sources are present.>*® Levels of some hazardous pollutants
may be substantially higher inside cars and school buses,*”* and those higher levels would
increase the risks.
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In addition, this indicator only considers exposures to air toxics that occur by inhalation. For
many air toxics, dietary exposures are also important. Air toxics that are persistent in the
environment settle out of the atmosphere onto land and water, and then may accumulate in
fish and other animals in the food web. For HAPs that are persistent in the environment and
accumulate significantly in food, exposures through food consumption typically are greater
than inhalation exposures. HAPs for which food chain exposures are important include mercury,
dioxins, and PCBs.***

The comparison of ambient HAP concentrations in 2005 to the health benchmarks is not
equivalent to an estimate of risk to the population from chronic HAP exposure. Actual risks to
health depend on concentrations of HAPs in many environments over an extended period of
time. Ambient concentrations will change over time as the mix of sources changes (e.g., due to
businesses opening and closing), vehicle use changes (e.g., more cars and trucks traveling
longer distances), and regulatory controls are applied. In addition, children spend most of their
time indoors at home, at school, or at child care centers, and pollutant concentrations in indoor
environments may be greater or lesser than the modeled ambient concentrations.

In addition to the indicator presented in the figure, which is based on where children live, the
same statistics are calculated based on where children’s schools are located (see data tables).
Exposures at school are an important consideration, as children spend an average of 33 hours
per week in school.*”® The data tables also provide indicator values by race/ethnicity and
income, based on where children live.
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Indicator E4
Percentage of children ages 0 to 17 years living in census tracts where
estimated hazardous air pollutant concentrations were greater than health

benchmarks in 2005
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Data: U.S. Environmental Protection Agency, National Air Toxics Assessment
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Data characterization

— Data for this indicator are obtained from EPA’s National Air Toxics Assessment computer model predictions
of hazardous air pollutant (HAP) concentrations in outdoor air.

- The model produces estimates of HAP concentrations from emissions data for all census tracts in the
United States (census tracts typically have about 4000 residents each).

®m |n 2005, nearly all children lived in census tracts in which HAP concentrations combined to
exceed the 1-in-100,000 cancer risk benchmark.

m  Seven percent of children lived in census tracts in which HAPs combined to exceed the 1-in-
10,000 cancer risk benchmark. The pollutants that contributed most to this result were
formaldehyde, benzene, acetaldehyde, carbon tetrachloride, and hexavalent chromium.
Formaldehyde, benzene, and hexavalent chromium are considered to be carcinogenic to
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humans,>*** and acetaldehyde and carbon tetrachloride are considered likely to be

carcinogenic to humans.?*

m  Fifty-six percent of children lived in census tracts in which at least one HAP exceeded the
benchmark for health effects other than cancer. In almost all cases, this result was
attributable to the pollutant acrolein, which is a respiratory irritant. More than 90% of
acrolein emissions are from wood-burning fires and mobile sources such as cars, trucks,
buses, planes, and construction equipment.

®m  Exposures to diesel particulate matter from diesel engine emissions are not included in this
indicator due to uncertainty regarding the appropriate values to use as cancer benchmarks.
Some studies have found that cancer risks from diesel particulate matter exceed those of
the HAPs considered in this indicator.* Although EPA does not endorse any particular
cancer benchmark value for diesel particulate matter, if the State of California’s benchmark
for diesel particulate matter were used in this analysis, 73% of children would live in census
tracts where HAP estimates combined to exceed the 1-in-10,000 cancer risk benchmark.

m |n 2005, all children’s schools were located in census tracts where HAPs concentrations
combined to exceed the 1-in-100,000 cancer risk benchmark. Six percent of children
attended schools in census tracts where the HAPs concentrations exceeded the higher 1-in-
10,000 cancer risk benchmark.

m  Fifty-seven percent of children attended schools that were located in census tracts where at
least one HAP exceeded the benchmark for health effects other than cancer.
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Indoor Environments

Children spend most of their time in indoor environments, including homes, schools, child care
facilities, and other buildings.1 The chemicals found indoors or measured in indoor air are
numerous and diverse. Hundreds of chemicals have been measured in indoor air, including
multiple pesticides, fragrance-related compounds, polychlorinated biphenyls (PCBs),
phthalates, combustion byproducts, carbon monoxide, benzene, formaldehyde, and other
compounds.”” Pollutants in indoor environments can come from many different sources,
including combustion sources such as furnaces, gas stoves, fireplaces, and cigarettes; building
materials and furnishings such as treated wood, paints, furniture, carpet, and fabrics; consumer
goods such as electronics and toys; cleaning products, pesticides, and other products used for
maintenance of the home or building; and products used for hobbies, science projects, arts and
crafts projects, and other activities.

Children may also be routinely exposed to chemical contaminants that accumulate in dust,
including lead, nicotine, pesticides, brominated flame retardants, phthalates, and
perfluorinated chemicals.>>® Many pesticides and other chemicals that break down relatively
quickly outdoors are much more persistent and long-lasting indoors, where they are less
exposed to natural elements such as sunlight, moisture, and microorganisms that can
accelerate the breakdown of chemicals.***?

Infants and small children may have the highest exposure to house dust contaminants due to
their frequent and extensive contact with floors, carpets, and other surfaces where dust
gathers, as well as their frequent hand-to-mouth activity. However, children of all ages (as well
as adults) are likely to be exposed to dust contaminants through hand-to-mouth activityl’13 and
other ingestion pathways, such as the settling of dust onto food and food preparation surfaces
in the kitchen.

The indoor environments of personal cars and school buses are also important to children’s
exposure, as a child can spend up to an average of 84 minutes per day in a vehicle, depending
on his or her age.1 School bus cabins can have levels of fine particulate matter (PM,s) four
times higher than levels in ambient air.** In addition, children riding school buses in urban areas
are likely to be exposed to elevated levels of benzene, formaldehyde, and other pollutants in
motor vehicle emissions. It is estimated that school buses commuting through congested urban
areas may contribute up to 30% of a child’s daily exposure to diesel engine-related pollutants.’

Adult smoking in personal cars can have a significant impact on children’s environmental
tobacco smoke exposures, as the air in smokers’ cars tends to have significantly higher nicotine
concentrations than that in non-smokers’ cars.'® Smoking in cars also leaves nicotine residues
that may linger in dust and surfaces within smokers’ cars, leading to continued exposure even
after the practice of smoking within the car has ceased.”’
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Pollutants in indoor environments can also come from outside sources. For example,
pollutants in outdoor air will penetrate to the indoor environment, 1819 and contaminants
from workplaces, streets, or lawns may be carried into the home on people’s shoes or
cIothing.zo'21 Some contaminants in drinking water can enter indoor air through uses of hot
water such as showering.zz'23 In areas where groundwater is contaminated, chemicals may
enter indoor environments via vapor intrusion.?*?> Radon, a gaseous radioactive element that
causes lung cancer, is found in soils and can enter homes through cracks in the foundation
and other entry points.?®

Indoor air pollutants from biological sources such as mold; dust mites; pet dander (skin flakes);
and droppings and body parts from cockroaches, rodents, and other pests or insects are
commonly found in children’s homes.?”*° These contaminants are important because they can
lead to allergic reactions, exacerbate existing asthma, and have been associated with the
development of respiratory symptoms.?*>*

Two indoor environmental contaminants for which there is extensive evidence of children’s
health effects are environmental tobacco smoke and lead. The following indicators present data
on environmental tobacco smoke and lead dust hazards in children’s homes, because they are
well-established indoor hazards to children’s health and because they have nationally
representative data available for more than one point in time. Other indoor environmental
hazards in children’s homes generally lack nationally representative data necessary for
development of indicators that can identify any changes over time. Unlike many outdoor
pollutants, indoor pollutants are not regulated or systematically monitored in residential
settings, and data collection for indoor pollutants is much more limited. Indicator E5 presents
data on environmental tobacco smoke, based on national survey data of homes with young
children where someone smokes regularly. Indicator E6 presents data on lead dust hazards in
children’s homes. Further information on these issues is provided in the following sections. In
addition, indoor environments in children’s schools and in child care facilities are discussed in
the Supplementary Topics section of this report.

Environmental Tobacco Smoke

Environmental tobacco smoke (ETS), commonly referred to as secondhand smoke, is a complex
mixture of gases and particles and includes smoke from burning cigarettes, cigars, and pipe
tobacco (sidestream smoke), as well as exhaled mainstream smoke.>* There are at least 250
chemicals in ETS that are known to be toxic or carcinogenic, including acrolein, ammonia,
benzene, carbon monoxide, formaldehyde, hydrogen cyanide, nicotine, nitrogen oxides, and
sulfur dioxide.>**® In 1992, EPA classified ETS as a known human carcinogen.34 Children can be
exposed to ETS in their homes or in places where people are allowed to smoke, such as some
restaurants in some locations throughout the United States.

According to the U.S. Surgeon General, there is no safe level of exposure to ETS, and breathing
even a small amount can be harmful to human health.?*> The Surgeon General has concluded
that exposure to ETS causes sudden infant death syndrome (SIDS), acute lower respiratory
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infection, ear problems, and more severe asthma in children. Smoking by parents causes
respiratory symptoms and slows lung growth in their children. Young children appear to be
more susceptible to the respiratory effects of ETS than are older children.?3%3

The exposure of a pregnant woman to ETS can also be harmful to her developing fetus. The
Surgeon General has determined that exposure of pregnant women to ETS causes a small
reduction in mean birth weight, and that the evidence is suggestive (but not sufficient to infer
causation) of a relationship between maternal exposure to environmental tobacco smoke
during pregnancy and preterm delivery.*? In addition, the Surgeon General concluded the
evidence is suggestive but not sufficient to infer a causal relationship between prenatal and
postnatal exposure to ETS and childhood cancer.*

Exposure to ETS in the home is influenced by adult behaviors, including the decisions to smoke
at home and to allow visitors to smoke inside the home. Children living in homes with smoking
bans have significantly lower levels of cotinine (a biological marker of exposure to ETS) in urine
than children living in homes without smoking bans.*® Household smoking bans can significantly
decrease children’s exposures to ETS, but do not completely eliminate them, especially in multi-
unit housing where ETS from other apartments may infiltrate through seepage in walls or
shared ventilation systems.*>”° Furthermore, children may be exposed to toxic residues that
remain from ETS in dust and on surfaces inside the home for weeks or months after smoke has
cleared from the air.>*®* These residues, referred to as “third-hand smoke,” may be re-
emitted into the gas phase or may react with other compounds to form secondary
poIIutants.“o’43 The risk of exposure to third-hand smoke may be particularly high for infants,
due to their close proximity to contaminated objects such as blankets, carpets, and floor
surfaces, and their frequent hand-to-mouth activity.6

Parental smoking status inside the home greatly affects children’s exposures to ETS, but
research suggests a difference in impact between maternal and paternal smoking. Maternal
smoking is associated with higher cotinine levels in children, and maternal smoking appears to
have a greater effect on lower respiratory illnesses than does paternal smoking.32

In recent years there has been a significant decline in children’s exposures to ETS.* This
reduction is in part attributable to a decline in the percentage of adults who smoke, and is likely
related to increased restrictions on smoking at workplaces and other public places, as well as
efforts to reduce the exposure of nonsmokers in homes.** In 2010, an estimated 19.3% of
adults were current smokers, down from 24.7% in 1997.%% In addition, the prevalence of
smoke-free households increased from 43% of U.S. homes in 1992-1993 to 72% in 2003.*
Children living in homes with smoking bans have significantly lower levels of cotinine than
children living in homes without smoking bans.® Recent studies also suggest that smoking bans
in workplaces and other public places can reduce the number of asthma-related emergency
room visits and hospitalizations, including among children when legal bans lead to an increase
in voluntary smoking bans in homes.*** However, despite the increasing numbers of adults
disallowing smoking in the home, approximately 34% of children live in a home with at least
one smoker as of 2009.°
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Lead in House Dust

The ingestion of lead-contaminated house dust, soil, and water is the primary pathway of
current childhood exposure to lead.”* Children have a greater risk of exposure to lead-
contaminated dust than that of adults, due to their frequent and extensive contact with floors,
carpets, and other surfaces where dust gathers, as well as their high rate of hand-to-mouth
activity. Additionally, lead-contaminated dust particles are more readily absorbed into the body
than soil or paint chips, and children’s bodies absorb up to 10 times more ingested lead than
adults do as a result of their less-developed gastrointestinal pathways.>* Children living in

homes with higher levels of lead-contaminated dust tend to have higher blood lead levels.”**?

Lead dust is composed of fine particles of soil, paint, and other settled industrial or automotive
emissions from the outdoor and indoor air.>® Residences with deteriorated lead-based paint
tend to have higher levels of lead in house dust and the surrounding soil.**® Deteriorated lead-
based paint that is cracked, peeling, or chipped can be ingested directly by children or can mix
with and contaminate house dust, which can also be ingested.61 Normal wear as the result of
cleaning activities or repeated surface friction can lead to further deterioration and the release
of lead-based paint particles.®” Any house built before 1978 may contain lead-based paint. As of
the year 2000, approximately 38 million older housing units in the United States still contained
lead-based paint.>*

Home maintenance and renovation activities that disturb lead-based paint, such as sanding,
scraping, cutting, and demolition, create hazardous lead dust and chips and have been
associated with higher levels of lead dust and blood lead in children.?%% Beginning in April
2010, all contractors performing renovation, repair, and painting projects that disturb lead-
based paint in pre-1978 homes and child-occupied facilities, such as child care facilities and
preschools, must be certified and follow specific work practices to prevent lead
contamination.®® Lead-contaminated soil is another contributor to lead in house dust. Known
sources of lead in soil include historical airborne emissions from leaded gasoline use, emissions
from industrial sources such as smelters, and lead-based paint. Current sources of lead in
ambient air in the United States include smelters, ore mining and processing, lead acid battery
manufacturing, and coal combustion activities, such as electricity generation.58 Lead-
contaminated dust and soil from the outdoors can be transported into the home after
becoming airborne via soil resuspension, or can be tracked into the home by occupants or
family pets.52

The National Toxicology Program (NTP) has concluded that childhood lead exposure is
associated with reduced cognitive function.®* Children with higher blood lead levels generally
have lower scores on 1Q tests*>®*7° and reduced academic achievement.®® The NTP has also
concluded that childhood lead exposure is associated with attention-related behavioral
problems (including inattention, hyperactivity, and diagnosed attention-deficit/hyperactivity
disorder) and increased incidence of problem behaviors (including delinquent, criminal, or
antisocial behavior).®*
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Until recently, the Centers for Disease Control and Prevention (CDC) defined a blood lead level
of 10 micrograms per deciliter (ug/dL) as “elevated.” This definition was used to identify
children for blood lead case management.71’72 However, no level of lead exposure has been
identified that is without risk of deleterious health effects.”® CDC’s Advisory Committee on
Childhood Lead Poisoning Prevention (ACCLPP) recommended in January 2012 that the 97.5"
percentile of children’s blood lead distribution (currently 5 pug/dL) be defined as “elevated” for
purposes of identifying children for follow up activities such as environmental investigations
and ongoing monitoring.”> CDC has adopted the ACCLPP recommendation.’* CDC specifically
notes that “no level of lead in a child’s blood can be specified as safe,””> and the NTP has
concluded that there is sufficient evidence for adverse health effects in children at blood lead
levels less than 5 pg/dL.®

The current federal standards indicate that floor and window lead dust should not exceed 40
micrograms of lead per square foot (ug/ft?) and 250 ug/ft?, respectively, in order to protect
children from developing “elevated” blood lead levels as formerly defined by the CDC. EPA is
currently reviewing the lead dust standards to determine whether they should be lowered,
based on indications from more recent epidemiological studies that the current standards may
not be sufficiently protective of children.”®

Childhood blood lead and house dust lead levels in the United States differ across groups in the
population, such as those defined by socioeconomic status, race/ethnicity,”>*>’” and
geographic location. Children living in poverty and Black non-Hispanic children tend to have
higher blood lead levels®*’® and higher levels of lead-contaminated dust in the home than do
White non-Hispanic children.”’ Blood lead levels tend to be higher for children living in older
housing, because older housing units are more likely to contain lead-based paint.77’79
Additionally, housing in the Northeast and Midwest has twice the prevalence of lead-based
paint hazards compared with housing in the South and West,*® because of the older housing
stock in those areas.
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Indicator E5: Percentage of children ages 0 to 6 years regularly exposed to
environmental tobacco smoke in the home, by family income, 1994, 2005, and 2010

About the Indicator: Indicator E5 presents the percentage of children ages 0 to 6 years regularly
exposed to environmental tobacco smoke (ETS) in the home. The data are from a national survey
that collects health information from a representative sample of the population. The survey provides
data on children exposed to ETS in the home on four or more days per week for the years 1994,
2005, and 2010. The focus is on children ages 6 years and under because these younger children
have been specifically identified as more susceptible to the effects of tobacco smoke.

National Health Interview Survey

Comparable, nationally representative data on children living in homes where someone smokes
regularly come from the National Health Interview Survey (NHIS) for 1994, 2005, and 2010. The
NHIS is a large-scale household interview survey of a representative sample of the civilian
noninstitutionalized U.S. population, conducted by the National Center for Health Statistics. In
1994, interviews were conducted with household adults representing about 5,450 children ages
0 to 6 years, and ETS exposure information was reported for about 5,390 of those children. In
2005, interviews were conducted with household adults representing about 10,100 children
ages 0 to 6 years, and ETS exposure information was reported for about 7,800 of those children.
In 2010, interviews were conducted with household adults representing about 9,350 children
ages 0 to 6 years, and ETS exposure information was reported for about 6,900 of those children.
Questions related to smoking in the home are included in the NHIS only in selected years. In
1994, the NHIS asked, “Does anyone who lives here smoke cigarettes, cigars, or pipes anywhere
inside this home?” Similarly, in 2005 and 2010, the NHIS asked, “In a usual week, does ANYONE
who lives here, including yourself, smoke cigarettes, cigars, or pipes anywhere inside this
home?” If the answer was positive, participants were asked how many days per week smoking
usually occurred anywhere inside the home. The NHIS also included questions about smoking in
the home in the 1998 survey, but the questions used in 1998 provide data that are not directly
comparable to the 1994, 2005, and 2010 data.

Data Presented in the Indicator

Indicator E5 presents data from NHIS for the percentage of children ages 0 to 6 years living in
homes where someone smokes on a regular basis (defined as four days or more per week).
Studies have found that questionnaire data on smoking in the home are relatively accurate in
predicting serum levels of cotinine (a metabolite of nicotine used as a marker of ETS exposure)
in children,®®® and researchers have used these data to associate ETS exposure with adverse
effects on childhood lung function and other health outcomes.?? However, comparisons of
guestionnaire data with measures of serum cotinine in children suggest that questionnaires
may underestimate actual exposure to ETS, particularly in multi-unit housing or in cases where
visitors and other non-family members may smoke in the home.?%3%8%84
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While the indicator provides information on the presence and number of days per week of
smoking in the home, it does not indicate the intensity of smoking (e.g., the number of
cigarettes smoked in the home per day). Furthermore, children exposed to ETS at home fewer
than four days per week are not included in this indicator, but may also experience adverse
health effects since no level of exposure to ETS is without a risk to health.

We focus on children ages 0 to 6 years because these younger children have been specifically
identified as more susceptible to the effects of tobacco smoke and are targeted by the indicator
used in the federal government’s Healthy People 2010 initiative.® Children ages 6 years and
under also have less control over their environment and are likely to spend more time in close
proximity to adult caregivers.? Children of all ages, however, may be affected by exposure to ETS.

The indicator presents data on children’s exposures to ETS in the home for 1994, 2005, and
2010, based on family income level. Additional information regarding ETS exposures for
different race/ethnicity groups is presented in Table E5a.

Statistical Testing

Statistical analysis has been applied to the 2010 data to evaluate differences in indicator values
between demographic groups. These analyses use a 5% significance level, meaning that a
conclusion of statistical significance is made only when there is no more than a 5% probability
that the observed difference occurred by chance (p < 0.05). A finding of statistical significance
depends on the numerical difference in the indicator value between two groups, the number of
observations in each group, and various aspects of the survey design. For example, the
statistical test is more likely to detect a difference between two groups when data have been
obtained from a larger number of people in those groups. It should be noted that when
statistical testing is conducted for differences among multiple demographic groups (for
example, considering both race/ethnicity and income level), the large number of comparisons
involved increases the probability that some differences identified as statistically significant
may actually have occurred by chance.

A finding of statistical significance is useful for determining that an observed difference was
unlikely to have occurred by chance. However, a determination of statistical significance by
itself does not convey information about the magnitude of the difference in indicator values or
the potential difference in risk of associated health outcomes. Furthermore, a lack of statistical
significance means only that occurrence by chance cannot be ruled out. Thus a conclusion
about statistical significance is only part of the information that should be considered when
determining the public health implications of differences in indicator values.
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Indicator E57

Percentage of children ages 0 to 6 years regularly exposed to environmental
tobacco smoke in the home, by family income, 1994, 2005, and 2010

50%
s 1994 WEEm 2005 Wmmm 2010

All < Poverty 100-200% >200%
Incomes Level of Poverty of Poverty
Level Level

Data: Centers for Disease Control and Prevention, National Center for Health Statistics,
National Health Interview Survey
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Data characterization

- Data for this indicator are obtained from an ongoing annual survey conducted by the National Center for
Health Statistics.

- Survey data are representative of the U.S. civilian noninstitutionalized population.

- In 1994, 2005, and 2010, an adult survey participant in each sampled household was asked whether any
resident smokes inside the home and the number of days per week that smoking occurred.

® |n 2010, 6% of children ages 0 to 6 years lived in homes where someone smoked regularly,
compared with 27% in 1994,

m  Children living in homes with family incomes below the poverty level were more likely than
their peers at higher income levels to be living in homes where someone smoked regularly.
In 2010, 10% of children below the poverty level lived in homes where someone smoked
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regularly, compared with 8% of children in homes with incomes between 100—-200% of

poverty level, and 3% of children in homes with incomes at least twice the poverty level.

= The differences between children in homes with family incomes below the poverty level
and children in homes with family incomes at or above the poverty level were
statistically significant.

In 2010, 20% of White non-Hispanic children below poverty lived in homes where someone

smoked regularly, compared with 10% of Black non-Hispanic children and 2% of Hispanic

children living below poverty. (See Table E5a.) These differences were statistically

significant.
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Indicator E6: Percentage of children ages 0 to 5 years living in homes with interior lead
hazards, 1998-1999 and 2005-2006

About the Indicator: Indicator E6 shows the percentage of children ages 0 to 5 years who lived in
homes with interior lead-based paint hazards. The data are from two nationally representative
surveys of homes conducted in 1998-1999 and 2005—-2006. The surveys involved collection of dust,
soil, and paint samples from homes and measurement of the lead levels in these samples. The focus
of the indicator is on children ages 0 to 5 years, due to the elevated exposures that occur during early
childhood and the sensitivity of the developing brain to the effects of lead.

NSLAH/AHHS

The United States Department of Housing and Urban Development (HUD) has conducted two
nationally representative surveys of housing in the United States to assess children’s potential
household exposure to lead and other contaminants. The American Healthy Homes Survey
(AHHS) was conducted from 2005—-2006 to update the National Survey of Lead and Allergens
in Housing (NSLAH), which was conducted from 1998-1999. AHHS also included
measurements of arsenic, pesticides, and mold; however, these substances were not
measured in the earlier NSLAH.

Samples of paint, dust, and soil were taken from 831 total housing units (184 units with
children ages 0 to 5 years) in NSLAH, and 1,131 total housing units (206 units with children ages
0 to 5 years) in AHHS. The lead sampling components of AHHS were designed to be very similar
to NSLAH so that results of the two studies could be compared.

Lead-Based Paint Hazards

Samples collected from the housing units surveyed in NSLAH and AHHS were analyzed to
determine their lead content. HUD then compared these measured lead levels to federal
guidelines to identify homes with lead-contaminated dust, deteriorated lead-based paint, and
lead-contaminated soil hazards.

EPA has established Residential Lead Hazard Standards under Title X of the Toxic Substances
Control Act (TSCA), section 403, for identifying lead-based paint hazards in all housing built
before 1978. These standards were adopted by HUD under the Lead Safe Housing Act, which
applies to all federally owned or assisted housing in the United States. According to these
regulations, a lead-based paint hazard is the presence of deteriorating lead-based paint, lead-
contaminated dust, or lead-contaminated soil above federal standards.

For lead-contaminated dust, there are separate standards for dust on the floor and dust on

windowsills. Floor dust samples should not have more than 40 micrograms of lead per square

foot (ug/ft?) and window dust samples should not have more than 250 pg/ft.6%%°
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Additionally, current federal standards qualify a significantly deteriorated lead-based paint
hazard as the deterioration of an area of lead-based paint greater than 20 square feet (exterior)
and 2 square feet (interior) for large-surface items, such as walls and doors; or damage to more
than 10% of the total surface area of small-surface components—such as windowsills,
baseboards, and trim—with lead-based paint.

The level of deterioration is an important variable in determining exposure. The presence of
lead-based paint alone is not necessarily indicative of a significant hazard; except during
renovations, maintenance, and similar disturbances, intact lead-based paint is believed to pose
very little risk to occupants.®” However, deteriorated lead-based paint that is cracked, peeling,
or chipped can be ingested directly by children or can contaminate house dust that can be
inhaled or ingested by children.®

Data Presented in the Indicator

Indicator E6 presents the percentage of children ages 0 to 5 years who lived in homes with
interior lead-based paint hazards, using data from NSLAH and AHHS and three hazard definitions.

The first hazard definition, “interior lead dust,” presents the percentage of children ages 0to 5
years living in homes with a lead dust hazard, based on the number of homes with dust
containing levels of lead that exceeded the levels defined by EPA’s Residential Lead Hazard
Standards (established under Title X of TSCA, section 403). The second hazard definition,
“interior deteriorated lead-based paint,” displays the percentage of children ages 0 to 5 years
who lived in homes with significantly deteriorated lead-based paint indoors as defined by EPA’s
Residential Lead Hazard Standards. The last definition, “either interior lead dust or interior
deteriorated lead-based paint,” represents the percentage of children living in homes with an
interior dust hazard, a deteriorated lead-based paint hazard, or both.

This indicator represents the potential for children’s indoor exposure to lead based solely on
the percentage of children ages 0 to 5 years living in homes with levels of lead-based paint and
dust above federal standards. The indicator does not represent differences in paint lead levels,
paint deterioration levels, or the amount of lead in the dust above the standards. It also does
not account for the possibility that children living in homes with levels of lead-based paint and
dust below federal standards may still have some exposure to lead. Furthermore, while this
indicator focuses on children ages 0 to 5 years, older children may also experience health
effects from exposure to lead.

Survey records identify the race/ethnicity and income level of survey respondents; however,
estimates of lead hazards in the home for children ages 0 to 5 years broken out by
race/ethnicity and income are not statistically reliable, due to the relatively small number of
homes in each group. Therefore, the indicator provides data only for all children ages 0 to 5
years combined.
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Statistical Testing

Statistical analysis has been applied to Indicator E6 to evaluate differences over time in the
indicator values (for example, percentage of children living in homes with lead-contaminated
dust). These analyses use a 5% significance level, meaning that a conclusion of statistical
significance is made only when there is no more than a 5% probability that the observed
difference occurred by chance (p < 0.05). The statistical analysis depends on the numerical
difference in the indicator value over time, the number of observations in each time period,
and various aspects of the survey design. For example, the statistical test is more likely to
detect a change over time when data have been obtained from a larger number of people in
each time period.

A finding of statistical significance is useful for determining that an observed difference was
unlikely to have occurred by chance. However, a determination of statistical significance by
itself does not convey information about the magnitude of the difference in indicator values or
the potential difference in risk of associated health outcomes. Furthermore, a lack of statistical
significance means only that occurrence by chance cannot be ruled out. Thus a conclusion
about statistical significance is only part of the information that should be considered when
determining the public health implications of changes over time.
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Indicator E6

Percentage of children ages 0 to 5 years living in homes with interior
lead hazards, 1998-1999 and 2005-2006

25%
N 1998- EEEE 2005-

1999 2006

Interior lead dust Interior deteriorated Either interior lead dust
lead-based paint or interior deteriorated
lead-based paint

Data: U.S. Department of Housing and Urban Development, National Survey of
Lead and Allergens in Housing, American Healthy Homes Survey
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Data characterization

— Data for this indicator are obtained from two surveys of U.S. homes conducted by the Department of
Housing and Urban Development.

- Surveyed homes were representative of permanently occupied, non-institutional housing units in the
United States in which children may live. Only surveyed homes with children ages 0 to 5 years were
included in calculation of this indicator.

- Lead was measured in samples of paint and dust collected from the surveyed homes.

®  |n 2005-2006, 13% of children ages 0 to 5 years lived in homes with an interior lead dust
hazard, compared with 16% in 1998—-1999.

m  |n 2005-2006, 11% of children ages 0 to 5 years lived in homes with an interior deteriorated
lead-based paint hazard, compared with 12% in 1998-1999.
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® In 2005-2006, 15% of children ages 0 to 5 years lived in homes with either an interior lead
dust hazard or an interior deteriorated lead-based paint hazard, compared with 22% in
1998-1999.

= Changes in percentages between the two surveys were not statistically significant.
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Drinking Water Contaminants

Drinking water sources may contain a variety of contaminants that, at elevated levels, have been
associated with increased risk of a range of diseases in children, including acute diseases such as
gastrointestinal illness, developmental effects such as learning disorders, endocrine disruption,
and cancer.'? Because children tend to take in more water relative to their body weight than
adults do, children are likely to have higher exposure to drinking water contaminants.

Drinking water sources include surface water, such as rivers, lakes, and reservoirs;4 and
groundwater aquifers, which are subsurface layers of porous soil and rock that contain large
collections of water.” Groundwater and surface water are not isolated systems and are
continually recharged by each other as well as by rain and other natural precipitation.6

Several types of drinking water contaminants may be of concern for children’s health. Examples
include microorganisms, (e.g., E. coli, Giardia, and noroviruses), inorganic chemicals (e.g., lead,
arsenic, nitrates, and nitrites), organic chemicals (e.g., atrazine, glyphosate, trichloroethylene,
and tetrachloroethylene), and disinfection byproducts (e.g., chloroform). EPA and the Food and
Drug Administration (FDA) are both responsible for the safety of drinking water. FDA regulates
bottled drinking water, while EPA regulates drinking water provided by public water systems.
EPA sets enforceable drinking water standards for public water systems, and unless otherwise
specified, the term “drinking water” in this text refers to water provided by these systems. The
drinking water standards include maximum contaminant levels and treatment technique
requirements for more than 90 chemical, radiological, and microbial contaminants, designed to
protect people, including sensitive populations such as children, against adverse health effects.”
Microbial contaminants, lead, nitrates and nitrites, arsenic, disinfection byproducts, pesticides,
and solvents are among the contaminants for which EPA has set health-based standards.

7

Microbial contaminants include bacteria, viruses, and protozoa that may cause severe
gastrointestinal illness.? Children are particularly sensitive to microbial contaminants, such as
Giardia, Cryptosporidium, E. coli, and noroviruses, because their immune systems are less
developed than those of most adults.®™*

Drinking water is a known source of lead exposure among children in the United States,
particularly from corrosion of pipes and other elements of the drinking water distribution
systems.™ ™’ Exposure to lead via drinking water may be particularly high among very young
children who consume baby formula prepared with drinking water that is contaminated by
leaching lead pipes."® The National Toxicology Program has concluded that childhood lead
exposure is associated with reduced cognitive function, reduced academic achievement, and
increased attention-related behavioral problems.18

Fertilizer, livestock manure, and human sewage can be significant contributors of nitrates and
nitrites in groundwater sources of drinking water.'%?° High levels of nitrates and nitrites can
cause the blood disorder methemoglobinemia (blue baby syndrome)21‘23 and have been
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24,25 24,26,27

associated with thyroid dysfunction in children and pregnant women. Moderate
deficits in maternal thyroid hormone levels during early pregnancy have been linked to reduced
childhood 1Q scores and other neurodevelopmental effects, as well as unsuccessful or
complicated pregnancies.28

Arsenic enters drinking water sources from natural deposits in the earth, which vary widely
from one region to another, or from agricultural and industrial sources where it is used as a
wood preservative and a component of fertilizers, animal feed, and a variety of industrial
products.?’ Population studies of health effects associated with arsenic exposure have been
conducted primarily in countries such as Bangladesh, Taiwan, and Chile, where arsenic levels in
drinking water are generally much higher than in the United States due to high levels of
naturally occurring arsenic in groundwater.e‘0 Long-term consumption of arsenic-contaminated
water has been associated with the development of skin conditions and circulatory system
problems, as well as increased risk of cancer of the bladder, lungs, skin, kidney, nasal passages,
liver, and prostate.?>! In many cases, long-term exposure to arsenic begins during prenatal
development or childhood, which increases the risk of mortality and morbidity among young
adults exposed to arsenic long-term.>? A review of the literature concluded that epidemiological
studies of associations between exposure to arsenic and some adverse health outcomes
pertinent to children’s health have mixed findings. These include studies of associations
between high levels of exposure to arsenic and abnormal pregnancy outcomes, such as
spontaneous abortion, still-births, reduced birth weight, and infant mortality, as well as
associations between early-life exposure to arsenic and increased incidence of childhood cancer
and reduced cognitive function.®

Water can contain microorganisms such as parasites, viruses, and bacteria; the disinfection of
drinking water to reduce water-borne infectious disease is one of the major public health
advances of the 20th century.34 The method by which infectious agents are removed or
chemically inactivated depends on the type and quality of the drinking water source and the
volume of water to be treated. Surface water systems are more exposed than groundwater
systems to weather and runoff; therefore, they may be more susceptible to contamination.**
Surface and groundwater systems use filtration and other treatment methods to physically
remove particles. Disinfectants, such as chlorine and chloramine, ultraviolet radiation, and
ozone are added to drinking water provided by public water systems to kill or neutralize
microbial contaminants.*® However, this process can produce disinfection byproducts, which
form when chemical disinfectants react with naturally occurring organic matter in water.*” The
most common of these disinfection byproducts are chloroform and other trihalomethanes.
Consumption of drinking water from systems in the United States and other industrialized
countries with relatively high levels of disinfection byproducts has been associated with bladder
cancer and developmental effects in some studies.*®*' Some individual epidemiological studies
have reported associations between the presence of disinfection byproducts in drinking water
and increased risk of birth defects, especially neural tube defects and oral clefts; however,
recent articles reviewing the body of literature determined that the evidence is too limited to
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make conclusions about a possible association between exposure to disinfection byproducts
and birth defects.?®***

Some of the most widely used agricultural pesticides in the United States, such as atrazine and
glyphosate, are also drinking water contaminants.*®*’ Pesticides can enter drinking water
sources as runoff from crop production in agricultural areas and enter groundwater through
abandoned wells on farms.*® Some epidemiological studies have reported associations between
prenatal exposure to atrazine and reduced fetal growth.**>?

The use of glyphosate, an herbicide used to kill weeds, has increased dramatically in recent
years because of the growing popularity of crops genetically modified to survive glyphosate
treatment.> Previous safety assessments have concluded that glyphosate does not affect
fertility or reproduction in laboratory animal studies.”*>> However, more recent studies in
laboratory animals have found that male rats exposed to high levels of glyphosate, either
during prenatal or pubertal development, may suffer from reproductive problems, such as
delayed puberty, decreased sperm production, and decreased testosterone production.®>’
Very few epidemiological human studies have investigated effects of glyphosate exposure on
reproductive endpoints. In contrast to the results of animal studies, one such epidemiological
study of women living in regions with different levels of exposure to glyphosate found no
associations between glyphosate exposure and delayed time to pregnancy.>®

A variety of other chemical contaminants can enter the water supply after use in industry.*’
Examples include trichloroethylene and tetrachloroethylene (also known as perchloroethylene),
which are solvents widely used in industry as degreasers, dry cleaning agents, paint removers,
chemical extractors, and components of adhesives and lubricants.>®®! Potential health concerns
from exposure to trichloroethylene, based on limited epidemiological data and evidence from
animal studies, include decreased fetal growth and birth defects, particularly cardiac birth
defects.* A study conducted in Massachusetts reported associations between birth defects and
maternal exposure to drinking water contaminated with high levels of tetrachloroethylene
around the time of conception.62 An additional study reported that older mothers or mothers
who had previously miscarried, and who were exposed to high levels of tetrachloroethylene in
contaminated drinking water, had a higher risk of delivering a baby with reduced birth weight.63
However, other studies did not find associations between maternal exposure to
tetrachloroethylene and pregnancy loss, gestational age, or birth weight.64’65 Studies in
laboratory animals indicate that mothers exposed to high levels of tetrachloroethylene can have
spontaneous abortion, and their fetuses can suffer from altered growth and birth defects.®

EPA has not determined whether standards are necessary for some drinking water
contaminants, such as personal care products. Personal care products, such as cosmetics,
sunscreens, and fragrances; and pharmaceuticals, including prescription, over-the-the counter,
and veterinary medications, can enter water systems after use by humans or domestic
animals®® and have been measured at very low levels in drinking water sources.®” Many
concentrated animal feeding operations treat livestock with hormones and antibiotics, and can
be one significant source of pharmaceuticals in water.> Other major sources of
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pharmaceuticals in water are human waste, manufacturing plants and hospitals, and other
human activities such as showering and swimming.66 Any potential health implications of long-
term exposure to levels of pharmaceuticals and personal care products found in drinking water
are unclear.

Manganese is a naturally occurring mineral that can enter drinking water sources from rocks
and soil or from human activities.®® While manganese is an essential nutrient at low doses,
chronic exposure to high doses may be harmful, particularly to the nervous system. Many of
the reports on adverse effects from manganese exposure are based on inhalation exposures in
occupational settings. Fewer studies have examined health effects associated with oral
exposure to manganese.®® However, some recent epidemiological studies have reported
associations between long-term exposure to high levels of manganese in drinking water during
prenatal development or childhood and intellectual impairment; decreased non-verbal
memory, attention, and motor skills; hyperactivity; and other behavioral effects.®®”® Most
studies on the health effects of manganese have been conducted in countries where
manganese exposure is generally higher than in the United States. However, two individual
studies conducted in specific areas of relatively high manganese contamination in the United
States reported associations between prenatal or childhood manganese exposure and
problems with general intelligence, memory, and behavior.”*”> Although there is no health-
based regulatory standard for manganese in drinking water, EPA has set a voluntary standard
for manganese as a guideline to assist public water systems in managing their drinking water
for aesthetic considerations, such as taste, color and odor.’

Perchlorate is a naturally occurring and man-made chemical that has been found in surface and
groundwater in the United States.”®”® Perchlorate is used in the manufacture of fireworks,
explosives, flares, and rocket fuel.”® Perchlorate was detected in just over 4% of public water
systems in a nationally representative monitoring study conducted from 2001-2005.”® Some
infant formulas have been found to contain perchlorate, and the perchlorate content of the
formula is increased if it is prepared with perchlorate-contaminated water.”?# Exposure to
elevated levels of perchlorate can inhibit iodide uptake into the thyroid gland, possibly
disrupting the function of the thyroid and potentially leading to a reduction in the production of
thyroid hormone.®*#* As noted above, thyroid hormones are particularly important for growth
and development of the central nervous system in fetuses and infants.

In January 2009, EPA issued an interim health advisory level to help state and local officials
manage local perchlorate contamination issues in a health-protective manner, in advance of a
final EPA regulatory determination.”®® In February 2011, EPA decided to develop a federal
drinking water standard for perchlorate, based on the concern for effects on thyroid hormones
and the development and growth of fetuses, infants, and children.”® The process for developing
the standard will include receiving input from key stakeholders as well as submitting any formal
rule to a public comment process.

The two indicators that follow use the best nationally representative data currently available to
characterize the performance of water systems in meeting EPA’s health-based drinking water
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standards and in reporting monitoring results over time. Indicator E7 estimates the percentage
of children served by community water systems that did not meet all applicable health-based
drinking water standards. Indicator E8 estimates the percentage of children served by systems
with violations of drinking water monitoring and reporting requirements. Monitoring and
reporting violations occur when a water system does not monitor, does not report monitoring
results, or was late in reporting results.®® Such violations in monitoring and reporting may mean
that some health-based violations were not reported; this could cause the percentages shown
in Indicator E7 to be underestimated.
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Indicator E7: Estimated percentage of children ages 0 to 17 years served by
community water systems that did not meet all applicable health-based drinking
water standards, 1993-2009

Indicator E8: Estimated percentage of children ages 0 to 17 years served by
community water systems with violations of drinking water monitoring and reporting
requirements, 1993-2009

About the Indicators: Indicators E7 and E8 estimate the percentage of children served by community
water systems that did not meet all health-based drinking water standards or failed to adhere to
monitoring and reporting requirements. The data are from an EPA database that compiles drinking
water violations reported by public water systems. Indicator E7 shows the estimated percentage of
children served by community water systems that did not meet health-based drinking water
standards in each year from 1993 to 2009. Indicator E8 shows the estimated percentage of children
served by community water systems that did not adhere to monitoring and reporting requirements
in each year.

SDWIS/FED

EPA’s Safe Drinking Water Information System, Federal Version (SDWIS/FED) provides
information on violations of drinking water standards. Public drinking water systems in the
United States are required to monitor the presence of certain individual contaminants at
specific time intervals and locations to assess whether they are complying with drinking water
standards. These standards include Maximum Contaminant Levels (MCLs), which are numerical
limits on how much of a contaminant may be present in drinking water; as well as mandatory
treatment techniques and processes, such as those intended to prevent microbial
contamination of drinking water. When a violation of a drinking water standard is detected, the
public water system is required to report the violation to the state, which in turn reports to the
federal government. All health-based violations are compiled in SDWIS/FED. SDWIS/FED was
created in 1995 and includes data from various precursor database systems that have violation
and inventory data going back to 1976. SDWIS/FED also reports the number of people served
by each water system.

Health-Based Drinking Water Standard Violations

Indicator E7 presents statistics on violations of drinking water standards grouped into several
categories:

m  The “Surface water treatment” category includes violations of requirements in the Surface
Water Treatment Rule and Interim Enhanced Surface Water Treatment Rule that specify the
type of treatment and maintenance activities that systems must use to prevent microbial
contamination of drinking water.

America’s Children and the Environment | Third Edition



Drinking Water Contaminants | Environments and Contaminants

®  The “Chemical and radionuclide” category includes violations of the MCLs for organic and
inorganic chemicals, such as atrazine, glyphosate, trichloroethylene, tetrachloroethylene,
arsenic, cadmium, and mercury, in addition to radionuclide contaminants, such as radium
and uranium.

m  The “Lead and copper” category includes violations of treatment technique requirements
for systems to control the corrosiveness of their water.?

= The “Total coliforms” category covers all violations of the MCL for total coliform bacteria,
which is an indicator of the presence of various fecal pathogens, including E.Coli.?"

= The “Nitrate/nitrite” category takes account of all violations of the MCLs for nitrates and
nitrites.

The “Disinfectants and disinfection byproducts” category covers violations of standards for
several disinfectants—chlorine, chloramine, and chlorine dioxide—and disinfectant
byproducts—total trihalomethanes, haloacetic acids, chlorite, and bromate.®

Monitoring and Reporting Violations

Indicator E8 presents statistics on violations of monitoring and reporting requirements.
Monitoring and reporting violations occur when a water system does not monitor, does not
report monitoring results, or was late in reporting results.®® All monitoring and reporting
violations are compiled from SDWIS/FED.

Data Presented in the Indicators

Indicator E7 estimates the percentage of children ages 0 to 17 years served by community water
systems that did not meet all applicable health-based drinking water standards between 1993
and 2009. The indicator is calculated by identifying all community water systems with violations
in SDWIS/FED each year by state, then summing the number of people served by those systems
with violations. Census data for the number of children in each state are then used to adjust
these estimates of the total population served to estimate the percentage of children served by
systems with violations in relation to all children served by community water systems.

Indicator E8 estimates the percentage of children ages 0 to 17 years served by community
water systems with violations of drinking water monitoring and reporting requirements. This
indicator is based on data reported to SDWIS/FED for violations between 1993 and 2009.
Violations of monitoring and reporting requirements for Indicator E8 were grouped into the
same categories as in Indicator E7, except for the Nitrate/nitrite category.

For the most part, the indicator represents comparisons with a consistent set of standards over
the years 1993-2009, with some exceptions. Revisions to the surface water treatment standard
were finalized in 2002.%° A revised standard for radionuclides went into effect in 2003, and for
arsenic (included in the chemical and radionuclide category) in 2006.%° A new standard for
disinfection byproducts was implemented in 2002 for larger drinking water systems, and in
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2004 for smaller systems.91 The revisions to the surface water treatment standard were
significant enough to warrant a break in the trend lines for this category in Indicators E7 and E8
between 2001 and 2002. The break in the “any violation” trend line between 2001 and 2002 is
due to both the revision of the surface water standard and the implementation of the new
disinfection byproducts standard for large systems beginning in 2002. Revisions to other
standards had only minimal impacts on the indicator values. As new and revised drinking water
standards take effect, water system compliance with all applicable health-based standards
signifies higher levels of public health protection over time.

Violations of health-based standards (as represented in Indicator E7) may be under-reported as
a result of monitoring and reporting violations. An EPA audit of drinking water data from 2002
2004 found that only 62% of health-based standards violations were reported to SDWIS.%
Therefore, the data on systems reporting no violations of health based standards include a
number of systems that have not gathered or reported all of the required data needed to make
this determination.

Indicators E7 and E8 provide information about the extent to which contaminants in
community water systems reach levels that may be of concern for children. However, the
indicators do not provide a direct measure of children's exposure to drinking water
contaminants and do not give an indication about how drinking water violations are related to
health risks. A violation of a health-based standard represents a potential concern for children’s
health, but the importance of any violation depends on the particular contaminant, the
magnitude and duration of the violation, and the extent of the violation within a system.
Indicator E7 does not reflect the extent to which a standard has been exceeded or the extent to
which a water system’s distribution system may have been affected by a violation. The
indicator does not take into account the duration of a violation within any calendar year.
However, a violation that continues over an extended period of time is included in the indicator
for each calendar year in which it occurs. A large water system with a single violation of short
duration may significantly affect the indicator value for a single year.

The ability to examine children’s potential exposure to contaminated drinking water is limited by
the type of information collected and stored in the SDWIS/FED database. States are not required
to report the actual contaminant levels measured to SDWIS/FED; instead, they report when
standards are not met. As a result, SDWIS/FED data cannot be used to analyze national or local
trends in contaminant concentrations, or to provide comparisons to the current health-based
standards across all years shown. EPA is working with states to develop a new drinking water
data system that will compile and make available actual measurements of contaminant levels.

"EPA requires community water systems to provide annual drinking water quality reports to their customers.
These reports summarize the contaminants measured in each system's drinking water over the course of a year,
providing much more detail than the information reported to SDWIS. The drinking water quality reports for many
systems can be found at: http://water.epa.gov/lawsregs/rulesregs/sdwa/ccr/index.cfm.
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Indicators E7 and E8 are based on drinking water provided to residences served by community
water systems. Community water systems are public water systems that serve water to the
same residential population year—round.92 The indicators do not account for all sources of
children’s drinking water. Some drinking water comes from other types of public water
systems, including those that may not serve residences, or may not operate year-round (e.g.,
schools, factories, office buildings, and hospitals that have their own water systems; gas
stations and campgrounds); and bottled water." **

In addition, many homes are not served by community water systems and instead obtain their
drinking water from individual residential wells.’*® EPA does not have the authority under the
Safe Drinking Water Act to regulate wells that serve fewer than 25 persons or 15 service
connections. Thus, the SDWIS/FED database does not contain data on non-public water
systems, such as privately owned household wells, that are not required to monitor or report
the quality of drinking water to EPA.**®’ In 2000, approximately 15% of the total U.S.
population was served by non-public water systems®” and more than 90,000 new domestic
wells are installed every year.”® Separate data collection activities have found that the
contaminants in untreated groundwater are generally at lower levels than the MCL; however,
more than 20% of wells sampled by the U.S. Geological Survey between 1991 and 2004
contained at least one contaminant at a level of potential health concern.”® Approximately 4%
of the 2,167 sampled wells exceeded the nitrate MCL, and 7% exceeded the arsenic McL.*
Nitrate concentrations above the MCL were more frequently detected in agricultural regions
than any other land-use s.etting.99 Groundwater-sourced wells in rural and agricultural regions
may be at an increased risk for nitrate and nitrite contamination due to local fertilizer use and
animal waste runoff.*®

" Bottled water is regulated by the Food and Drug Administration.
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Indicator E7

Estimated percentage of children ages 0 to 17 years served by community
water systems that did not meet all applicable health-based drinking water

standards, 1993-2009
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Data: U.S. Environmental Protection Agency, Office of Water, Safe Drinking Water Information
System, Federal Version

Note: Breaks in lines for "Any health-based standard" and "Surface water treatment" reflect
substantial regulatory changes implemented in 2002.
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Data characterization

- Data for this indicator are obtained from EPA’s database to which states are required to report public
water system violations of national drinking water standards.

- All violations of health-based standards are supposed to be reported to the database; however, it is known
that not all violations are reported and the magnitude of underreporting is not known.

- Some drinking water standards have been changed over time to increase the level of public health
protection; therefore, as noted on the figure, some types of violations in more recent years are not strictly
comparable to violations in earlier years.

- Non-public drinking water systems, such as private wells, are not represented in the database. In 2000,
about 15% of the U.S. population was served by non-public water systems.
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The estimated percentage of children served by community drinking water systems that did
not meet all applicable health-based standards declined from 19% in 1993 to about 5% in
2001. Since 2002, this percentage has fluctuated between 7% and 13%, and was 7% in 2009.

The estimated percentage of children served by community drinking water systems that did
not meet surface water treatment standards varied substantially from 2002—-2007, following
the adoption of new regulatory requirements. The percentage was more consistent from
2007-2009, and was 2% in 2009.

Total coliforms indicate the potential presence of harmful bacteria associated with
infectious illnesses. The estimated percentage of children served by community drinking
water systems that did not meet the health-based standard for total coliforms was about
10% in 1993 and about 3% in 2009.

A new standard for disinfection byproducts was adopted in 2001. The estimated percentage
of children served by community water systems that had violations of the disinfection
byproducts standard has declined steadily from 3% in 2003 to about 1% in 2009.
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Indicator E8

Estimated percentage of children ages 0 to 17 years served by community
water systems with violations of drinking water monitoring and reporting
requirements, 1993-2009

Any violation
Any violation

Chemical and
radionuclide

N

and copper :
coliforms

Surface water treatment N water treatment

1993 1995 1997 1999 2001 2003 2005 2007 2009
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Note: Breaks in lines for "Any violation" and "Surface water treatment" reflect substantial
regulatory changes implemented in 2002.
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Data characterization

Data for this indicator are obtained from EPA’s database to which states are required to report public
water system violations of national drinking water standards.

Not all violations of monitoring and reporting requirements are reported to the database, and the
magnitude of underreporting is not known.

Some drinking water standards have been changed over time to increase the level of public health

protection; therefore, as noted on the figure, some types of violations in more recent years are not strictly

comparable to violations in earlier years.

Non-public drinking water systems, such as private wells, are not represented in the database. In 2000,

about 15% of the U.S. population was served by non-public water systems.
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= Between 1993 and 2009, the estimated percentage of children served by community water
systems that had at least one monitoring and reporting violation fluctuated between about
11% and 23%, and was 13% in 2009.

®m |n 1993, approximately 6% of children served by community water systems lived in an area
with significant monitoring and reporting violations for lead and copper. This figure dropped
to about 3% in 2009.

®m  The estimated percentage of children served by community water systems with a chemical
and radionuclide monitoring violation has varied between 4 and 9%, and was 4% in 2009.
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Chemicals in Food

Children’s diets are an important pathway for exposure to some environmental chemicals and
other contaminants. Children may be at a greater risk for exposures to contaminants because
they consume more food relative to their body weight than do adults. Additionally, children’s
dietary patterns are often less varied than those of adults, suggesting that there are greater
opportunities for continuous exposure to a foodborne contaminant than in adults.!

Food contamination can come from multiple sources, including antibiotics and hormones in
meat and dairy products, as well as microbial contamination that can lead to illness.